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kossil-Lagerstätten Nr. 62*) 


Storm shell beds of Nanogyra virgula in the upper 
Jurassic of France 


By 
Franz Theodor Fürsich and Wolfgang Oschmann, München 


With 10 figures and 2 tables in the text 


|FÜRSICH, F. T. & OscHmann, W. (1986): Storm shell beds of Nanogyra virgula in the 
Upper Jurassic of France. - N. Jb. Geol. Paläont. Abh. 172: 141-161; Stuttgart. 


‚Abstract: Nanogyra virgula shell beds from two localities in the Kimmeridgian of 
l#rance have been generated by storms of varying intensities. The shell beds reflect 
ifferent degrees of proximality and can be arranged along an onshore-offshore 
Isradient. The near-monospecific nature of the shell beds is due to early diagenetic 
jolution of aragonitic shells prior to reworking by storms. Storm beds of the Schistes 
| e Chatillon (Boulonnais) are mainly proximal and were deposited on the nearshore 
thallow shelf, whilst storm beds of the Marnes 4 Exogyra virgula (Aquitaine Basin) 
fecord a more distal development in a quiet basin. 


‘Key words: Storm shell beds, degree of proximality, cyclicity, Ostreacea, trace fossils, 
jdiagenesis, Kimmeridge, Boulonnais, Aquitaine Basin. 


usammenfassung: Nanogyren-Schille aus dem Kimmeridge des Boulonnais und 
}Aquitanischen Beckens werden als das Produkt von Stiirmen unterschiedlicher Inten- 
ih ‚rät und Erosionskraft gedeutet. Unterschiede in ihrer Mächtigkeit und Internstruktur 
hassen eine Einteilung in proximale und distale Sturmlagen zu. Die Vorherrschaft von 
\Nanogyra virgula in den Schillagen ist nicht auf ökologische Faktoren zurückzuführen, 
\kondern auf die frühdiagenetische Lösung aragonitischer Schalen im Sediment. Die 
‚ISturmschille der Schistes de Chatillon (Boulonnais) haben vorwiegend proximalen 
harakter und wurden im küstennahen flachen Schelf abgelagert; die Sturmschille der 
arnes 4 Exogyra virgula (Aquitanisches Becken) sprechen für distale Lage in einem 


I 
| 
| 


Introduction 


The oyster Nanogyra virgula occurs abundantly in fine-grained siliciclastic 
land carbonate sediments of the Kimmeridgian of western and northwestern 
Europe. The shells are found either scattered throughout the sediment, or 
[they are concentrated in beds, lenses, or pods. Although very conspicuous, 
[these shell accumulations have received relatively little attention. When 


Fy Nr. 61: J..sedim. Petrol, 55: 131-134. 
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discussing the environmental history of the Kimmeridgian of the Boulon- 
nais, AGER & WALLACE (1966) assumed that the Nanogyra virgula coquinas of 
the Schistes de Chatillon represent autochthonous banks of cemented 
oysters. ZIEGLER (1969) studied Nanogyra virgula concentrations from 
numerous localities in western Europe and concluded that they represent in- 
situ accumulations of the oysters, most of them living attached to sea weed. 
Studying Upper Jurassic Nanogyra from the Aquitaine Basin of southwestern 
France, Gautret (1982), in contrast, distinguished between scattered 
Nanogyra virgula occurrences, interpreted as autochthonous and 
undisturbed, and parautochthonous shell beds, formed by in-situ reworking 
and winnowing by currents. The purpose of this paper is to investigate the 
sedimentology and biostratinomy of Nanogyra virgula accumulations in 
order to clarify their mode of formation. It will be shown that, at the two © 
localities studied, Nanogyra virgula shell beds in fact most likely represent 
storm shell beds. This mode of formation probably also applies to most 
other N. virgula shell beds. | 


Localities and material 


Kimmeridgian Nanogyra virgula concentrations were studied at the 
following two localities and stratigraphic levels in France (Fig. 1): 

(1) Marnes a Exogyra virgula (mutabilis zone) at Pointe du Rocher south 
of La Rochelle (Charente-Maritime), and 

(2) Schistes de Chatillon (autissiodorensis zone) at Cap Gris Nez, north 
of Boulogne-sur-Mer (Pas-de-Calais). 
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Fig. 1. Locality map. Arrows indicate cliff sections studied. 
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At Cap Gris Nez Nanogyra virgula shell beds are intercalated between 
jiliciclastic sediments, whilst at Pointe du Rocher they occur in argillaceous- 


| The two stratigraphic levels were measured and sampled in detail (Fig. 3, 
}). Polished sections and thin-sections were used to study faunal composition 


Additional material was obtained from road cuts through the Marnes a Exogyra 
tirgula northwest of Yves, south of Chatelaillon-Plage (Charente-Maritime) and from 
e lower part of the Schistes de Chatillon at Cap Gris Nez and the upper part of the 
valcaire de Moulin Wilbert (eudoxus zone) between Boulogne-sur-Mer and Wimereux. 


Mode of life of Nanogyra virgula 


Like nearly all living and fossil oysters, Nanogyra virgula (Fig. 2) became 
temented to a firm substrate when settling after the planktonic larval stage. 
nlike in most other oysters, however, the hard substrate played a significant 
le only at the juvenile stage. An autecological analysis of N. virgula 
[FURsIcH & OscHMANN, 1986) showed that the oysters were recliners on soft 
kediment. This assumption, which contradicts ZiEGLEr’s (1969) view that 


© 


a 


fFig. 2. Common growth forms of Nanogyra virgula (DEFRANCE) ranging from arcuate 
Ka) to arcuate-elongate (b) to bilobate (c). x 1.5. Marnes 4 Exogyra virgula, road cut 
Inorthwest of Yves, south of Chatelaillon (southwestern France). 


\ . virgula was preferentially attached to sea weed, is supported by the 
|Following observations: 

(1) The size of the attachment area is very small (less than 10 mm? in 80% 
lof individuals studied) and therefore could not support fully grown indivi- 


(2) The helicospiral growth pattern of N. virgula as opposed to the plani- 
Ispiral growth pattern of N. nana) is incompatible with a permanently 
cemented mode of life. 

(3) The left valve of N. virgula exhibits a cup-shaped cross-section and is 
[Frequently thickened in the region of the dorso-ventral axis, thus facilitating 
stable position on a soft substrate. 
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(4) In addition, the curved elongate shape of many specimens helped to 
stabilize the shells on the substrate. 

Nanogyra virgula therefore belongs to the oysters which secondarily 
became adapted to life on soft substrates (SEILACHER 1984). The species 
corresponds to SEILACHER’s (1984, text-fig. 4) outriggered recliners. This 
mode of life is in agreement with the well-developed self cleansing 
mechanism of oysters (STENZEL 1971) which enabled them to live on a soupy, 
muddy sea floor. A mud-reclining life habit was also the prerequisite for 
accumulation of the oysters in shell beds. 


The Marnes a Exogyra virgula section 
(Fig. 3) 


At Pointe du Rocher, several meters of silty marl and argillaceous micrite 
are exposed at the cliff. They contain numerous shell beds and lenses of 
Nanogyra virgula which alternate with less fossiliferous horizons. N. virgula 
is by far the most abundant fossil. It occurs in different states of preservation 
ranging from articulated specimens to disarticulated but complete shells, to 
fragmented shells and shell debris. Other benthic elements include the 
bivalves Anomia, Corbulomima, Gervillella, Nicaniella, Myophorella, 
Cucullaea, Plectomya rugosa, Trigonia, Camptonectes, Chlamys strictus, Proto- 
cardia, Liostrea, Pinna, several heterodonts, cerithiid gastropods, Dentalium, 
several species of serpulids (Cyclo-, Tetra- and Dorsoserpula) foraminifera (e.g. 
Ammobaculites, Pseudocyclammina, Verneuilina, Textularia, Dentalina, Lenti- 
culina) and some ostracods. Most of the benthic macrofaunal elements occur 
scattered between the shell beds, whereby aragonitic faunal elements are, in 
most cases, preserved as steinkerns. Small Procerithium-like gastropods 
commonly found in the Nanogyra shell beds are preserved with recrystal- 
lized shells. The same is true of the occasional occurrence of Trigonia, 
Myophorella, and Gervillella within the shell beds. Faunal elements occurring 
between the shell beds are often articulated and sometimes occur, near the 
base of the section, in clusters (e.g. Gervillella) suggesting minimum post- 
mortem disturbance. Ammonites (e.g. Orthaspidoceras) preserved as stein- 
kerns are found at several levels. 


Apart from body fossils, trace fossils are common throughout the 


sequence. Most abundant are Thalassinoides suevicus (two size classes), 
Chondrites sp., and Planolites sp.. Rhizocorallium irregulare was encountered 
at one level only. 

The fine-grained sediments and the trace fossil composition (deposit- 
feeders dominating) point to a low energy environment. The benthic macro- 
fauna is typical of a low energy sea floor of shallow to intermediate depth. 
Soft substrate conditions are indicated by forms such as Nanogyra virgula, 


Fig. 7. 
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Fig. 3. Section through the Marnes a Exogyra virgula at Pointe du Rocher, south of La 
Rochelle. For key see also Fig. 5. The letters A-H of the storm bed sequence refer to 
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Protocardia, Corbulomima, and Nicaniella, which form characteristic commu- 
nities in Upper Jurassic shelf environments (e.g. Fürsıch 1977). 

Consequently, the environment of the Marnes a Exogyra virgula can be 
interpreted to represent fully marine low energy conditions. In the Aquitaine 
Basin, this facies is generally regarded as basinal, situated between carbonate 
platforms (e.g. Hantzpercue & Marre 1981). 

The only feature which, at first glance, contradicts this interpretation, are 
the Nanogyra virgula shell beds indicating high energy conditions. 


Types of skeletal accumulations 


The skeletal accumulations vary between several mm and 10 cm in 
thickness. Most of them exhibit a sharp, rarely flat, more commonly 
undulating base. In some cases, the sharp base has been disrupted by biotur- 
bation (mainly Thalassinoides) and shell material was piped downwards into 
the underlying mud. The skeletal accumulations consist either of complete, 
but disarticulated shells, of broken shells, or of a mixture of both. 
Sometimes, the bioclastic debris is sand-sized and smaller. The skeletal 
accumulations form continuous shell beds, lenses, or pods. Shell beds may 
be uniform in thickness when traced within the outcrop, or lenticular. In one 
case, wave ripples are developed on the top of a shell bed. In some beds, 
shells are randomly oriented (Fig. 4a), others exhibit large-scale cross- 
bedding, yet others consist of laminated or possibly hummocky cross- 
stratified arenitic shell debris with scattered shells in a preferred convex-up 
position (Fig. 4c). In pods shell orientation is dominantly vertical to oblique 
(Fig. 4 e). Commonly, shell beds are graded. Grading is often discontinuous 
and a lower coarser part of shells and large shell fragments can be separated 
from an upper part consisting of fine, commonly laminated shell debris (Fig. 
4b). 

Bioturbation nearly invariably modified the primary biofabric of the 
skeletal accumulations. While Planolites and Thalassinoides occur 


Fig. 4. Skeletal accumulations in the Marnes 4 Exogyra virgula at Pointe du Rocher, 
south of La Rochelle. Length of bar: 1 cm. Black bars indicate shell orientation 
(convex-down, oblique to vertical, and convex-up). a: Nanogyra shell bed with erosive 
base and faint traces of crossbedding. Shell orientation random (78 readings). Note that 
matrix between shells is arenitic in the lower part of the shell bed and largely micritic 
in the upper part. b: Couplet of Nanogyra lumachelle and laminated skeletal debris 
grading upwards into silty marl. Note bioturbation by Chondrites (light-coloured) in the 
laminated silt and by Planolites (dark). c: Undulous laminated (possibly hummocky 
cross-stratified) skeletal debris with erosive base and scattered Nanogyra shells in 
preferred convex-up orientation (78 readings). d: Graded laminated (possibly 
hummocky cross-stratified) skeletal silt overlying undulating erosion surface. Note 
bioturbation by Chondrites (two size classes). e: Shell pods of Nanogyra virgula caused 
by bioturbation (mainly Thalassinoides). Preferred shell orientation is vertical to 
oblique (100 readings). 
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Fig. 4 (Leg. see p. 146) 
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Fig. 5. Sections through the upper part of the Schistes de Chatillon at Cap Gris Nez, 
Boulonnais. c: clay; s: silt; fs: fine sand; ms: medium sand. 


Storm shell beds of Nanogyra virgula 149 


oughout, Chondrites is confined to the upper, more fine-grained parts of 
fe shell beds. 


The Schistes de Chatillon sections 


(Fig. 5) 


The Schistes de Chatillon are an argillaceous silty unit intercalated 
tween the sandy Grés de Chatillon (below) and Gres de la Créche (above). 

Cap Gris Nez, Nanogyra virgula shell beds occur both in the lower and 
bper part of the unit, while the central part does not contain any skeletal 
cumulations. Three sections, each several hundred meters apart, were 
easured to evaluate the vertical and lateral distribution of the shell beds. 
The lower part of the measured sections (Fig. 5) consists of lenticular- 
‚dded or coarsely interlayered silt with intercalations of rippled sandstone. 
rey are followed by several shell beds, together up to 60 cm in thickness, 
nich are overlain by lenticular- or flaser-bedded argillaceous silt and 
tstone. This unit is topped by about 90 cm of sandy shell beds, sharply 
rerlain by argillaceous silt. The latter grades within 4 to 5 meters into the 
mdy Grés de la Créche. 

Several beds are bioturbated; recognizable trace fossils include Planolites 
id Thalassinoides suevicus. 


The argillaceous or fine sandy silt without sedimentary structures 
quently contains a benthic fauna of small bivalves and gastropods. Arago- 
tic elements are invariably preserved as steinkerns, the calcitic Nanogyra 
ith shell. The benthic fauna can be regarded as in-situ reworked relics of 
rmer communities. Table 1 gives the dominant taxa of six samples taken 
9m various levels of the sequence. Except for sample (f), which is 
yminated by Nanogyra virgula, the samples are characterized by shallow 
faunal suspension-feeding bivalves (Corbulomima, Protocardia, Isocyprina) 
id/or the endobyssate bivalve Musculus autissiodorensis. The specialized 
ster Nanogyra virgula and the mobile gastropod Procerithium are the only 
embers of the epifauna. Numbers of species range from 9 to 13. The micro- 
una consists of ostracods and some _ foraminifera (Lenticulina, 
ochammina). The fauna is very typical of Upper Jurassic low energy 
allow shelf environments with soft substrates (e.g. OscHMANN 1985). 

The shell beds, in contrast, consist overwhelmingly of shells of Nanogyra 
rgula; rare admixtures are Anomia, Nanogyra nana and large Gervillella. 
1e shell beds are thus mono-or near-monospecific accumulations of 
anogyra virgula in different states of preservation. 

The overall environment of the Schistes de Chatillon appears to have 
en the shallow shelf below fair-weather wave base. At certain levels, tidal 
fluence seems likely (evidenced by lenticular, flaser and interlayered 
dding), at others, where a low diversity benthic fauna is developed, low 
ergy conditions appear to have prevailed. Levels with Nanogyra shell beds, 
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contrast, record high energy events. At the top, the Schistes de Chatillon 
ade into the Gres de la Creche which indicate high energy nearshore 
mditions (see AGER & WarLacE 1966, 1970; OscHMANN 1985). 


pes of skeletal accumulations (Fig. 6) 

Most skeletal accumulations in the Schistes de Chatillon are shell beds 
irying in thickness from 0.5 to 50 cm. Nearly all of them have a sharp, 
(ually erosive base. Skeletal elements range from sand-sized bioclasts (partly 
' echinoderm origin) to fragmented Nanogyra, to complete but disarticu- 
ited shells. Some shell beds are mud-supported, but most are shell- 
Ti ed, the latter are usually densely packed, often as a result of 
#mpaction (evidenced by distorted and/or broken shells, the fragments of 
'hich are still in place). Stacking and imbrication of shells can be frequently 
served. Composite shell beds, in which successive beds cut erosively into 
te underlying one, are common. Many shell beds are graded. Discontinuous 
zading is rare. In general, the biofabric is not as strongly modified by biotur- 
‘Aktion as in the Marnes a Exogyra virgula. The matrix between shells varies 
tom biomicrite, biopelmicrite to fine sandy calcarenite. In some shell beds 
te lituolid Foraminifera Ammobaculites and Trochammina constitute a signi- 
‘cant part of the bioclastic material. Examples of skeletal accumulations are 


own in Fig. 6. 


Discussion 
Arigin of skeletal accumulations 


Sediments and benthic fauna indicate a low energy environment of the 
Iarnes 4 Exogyra virgula and a low to intermediate energy environment of 
ne Schistes de Chatillon. In both sections Nanogyra virgula skeletal 
tcumulations represent high energy events leading to concentration of the 
hells. These high energy events are most likely due to storms. 
Polished slabs and thin-sections show that the shell beds do not represent 
Lıtochthonous layers of cemented Nanogyra virgula as suggested by AGER & 
VALLACE (1966). Erosional basal contact, abundant graded bedding and the 
fagmented nature of many shells also contradict Z1EGLER’s (1969) view that 
hey represent in-situ concentrations of oysters living attached to sea weed. 
floreover this mode of life is unlikely for reasons given above. 

| In contrast, the following features strongly point to a storm origin of 
nost shell beds: 

| (1) Most shell beds exhibit an erosive base (eg. Fig. 4b, c). 

| (2) Many shell beds are graded (e.g. Fig. 6c). 

' (3) In several cases, grading is discontinuous showing a couplet of 
mplete/broken shells in the lower half and sand/silt-sized particles in the 


pper half. 


| 


| 
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Fig. 6,” (Lese 92153) 
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This is particularly true of shell beds in the Marnes a Exogyra virgula. 
(4) Biofabrics often show imbricated or stacked shell indicative of high 
Hergy processes. Moreover in some thin shell beds most shells are in a 
rrent-stable convex-up orientation, whilst random orientation in others 
lay point to rapid dumping by storm flows. 

| (5) Occasionally sedimentary structures reflect a decrease of the 
}eergy level within shell beds or couplets. In couplets, for example, lower 
rts with densely packed, randomly oriented shells are overlain by wave 
Ihpled skeletal sand which grades into laminated silt and finally into struc- 
reless marl (e.g. Fig. 4b). 

(6) Within shell beds trace fossil density generally decreases from top 

| the base. 
This is particularly true of Chondrites, whilst the abundance of Thalassi- 
tzdes does not vary significantly within shell beds. This density decrease 
dicates that the shell beds were deposited very rapidly and that biotur- 
tion extended downwards from a level where rate of sedimentation was 
fficiently low to allow colonisation by a benthic fauna. 

Such features are commonly present in storm deposits in modern (e.g. 
WEINEcK & SINGH 1972, KumaR & SANDERS 1976, NeLson 1982) and in 
Ihcient shelf sediments (e. 8. GOLDRING & Bripces 1973, AIGNER 1979, 1982, 
KELLING & MULLIN 1975, Kreısa 1981, Kreısa & BamMBACH 1982, HUNTER & 
IiLırton 1982). The varied features of the skeletal accumulations suggest 
Nifferent levels of storm intensity. Storm effects have been demonstrated to 
|ecrease with increasing water depth (e. g. Haves 1967, AIGNER & REINECK 
982) and, similar to turbidites, to vary laterally from proximal to distal 
AIGNER 1982). Using this concept, the skeletal accumulations of the Kimme- 
tdgian have been arranged as shown in Fig. 7. A to G represent a sequence 
f decrease in bed thickness, in grain size, and consequently in energy level, 
thich is here interpreted as a decrease in storm influence. 

Bed type A consists of composite (amalgamated) shell beds which record 
!everal episodes of erosion and deposition. In Fig. 8 from the Schistes de 
\Chatillon for example, 13 such episodes can be recognized. Such beds are 
Ihost likely of nearshore shallow water origin. With increasing water depth, 
ked thickness (Fig. 7B) and size of bioclasts decreases (D-E). In the same 
lirection grading becomes more prominent (C-E) and is often discontinuous 
, D). Distal storm beds consist of thin, laminated or wavy layers of 


N 


fig. 6. Nanogyra virgula shell beds from the Schistes de Chatillon at Cap Gris Nez, 
horth of Boulogne-sur-Mer. Length of bar: 1 cm. a: Densely packed N. virgula in 
mainly silt matrix. Dense packing enhanced by compaction. b: Shell bed of fragmented 
. virgula, small heterodont bivalves, and rare large shells overlying silt containing 
hells of softground faunal elements (e. g. Corbulomima, Protocardia). c: Graded shell 
ed of Nanogyra virgula with sharp erosive base. d: Three thin shell beds of N. virgula 
n places disrupted by bioturbation. 
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Fig. 7. Nanogyra virgula storm shell beds arranged according to their degree of proxi- 
mality. For explanation see text. Triangles denote graded bedding. 


|| 
bioclasts (F, G) and frequently were deposited by storm-induced currents (G). 
Marlstone or argillaceous siltstone with predominantly articulated Nanogyra 
specimens in low density (H) are interpreted as representing the more or less 
undisturbed habitat of the oysters below storm wave base. 
This sequence can be modified by several processes: For example, low I 
rates of sedimentation may lead to composite shell beds in more | 
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zb 


8. 8. Sketch of amalgamated Nanogyra virgula shell bed evidencing at least 13 phases 
X erosion and deposition. Schistes de Chatillon, Cap Gris Nez, section C. a: shells and 
hell debris; b: silty fine sand. This bed is interpreted as proximal storm bed. 


(ffshore deeper waters (I). Bioturbation often distorted the primary shell 
ned character, in particular the degree of packing, the biofabric, and the 
}{osive contact to the underlying sediment (B’-D’). Below storm wave base, 
En. may lead to concentration of shells in pods, in which shells are 
| ither randomly oriented or preferentially vertically to obliquely arranged 
IT). 

|| The sharp base of most skeletal accumulations points to erosion prior to 
keposition of the overlying bed. The presence of pre-depositional Thalassi- 
oides burrows at some levels (the majority of Thalassinoides are post-deposi- 
tonal) indicates that erosion cut down to levels of moderately firm 
‚lkediment, which enabled casting of the horizontal Thalassinoides networks 
ry the storm deposit. 

| From all storm shell beds, the following idealized sequence of events can 
he modelled (Fig. 9; see also Garcıa-Ramos et al. 1983): 

|| (A) Background sedimentation took place in an environment below fair 
weather wave base. The soft substrate was colonised by a specialised epifauna 
WNanogyra virgula) and a variety of infaunal bivalves. 

| (B) During a storm, part of the soft substrate was eroded and winnowed 
way, while Nanogyra shells were concentrated in packstones or grainstones. 
‘storm waning led in some cases to deposition of finer-grained, graded shell 
lebris. After the storm, fine-grained clastic (Boulonnais) or carbonate 
articles (Aquitaine Basin) settled from suspension. 

| (C) Repopulation of the sea floor by burrowing organisms led to 
" tensive bioturbation with downward decreasing density, which frequently 
Modified the primary character of the skeletal accumulation. 


| 
| Problems in interpreting proximality of storm shell beds 


Fig. 7 shows an attempt to arrange Nanogyra virgula storm shell beds 
\hlong an onshore-offshore gradient reflecting decreasing storm influence. 
However, there are several factors which may complicate a straightforward 
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NANOGYRA STORM SHELL BEDS: 


idealized sequence of events 


background 
sedimentation 


post-storm 


bioturbation 


Fig. 9. Nanogyra storm shell beds: idealized sequence of events. For explanation see 
text. 


relationship based on decreasing grain size, decreasing bed thickness etc. 
Firstly, storms vary considerably in intensity, and beds deposited by 
successive storms at a specific point along an onshore-offshore transect may 
exhibit proximal or distal characters. Secondly, the thickness of a storm shell 
bed is related to the amount of biogenic hard parts available, which in turn 
depends only partly on the erosional capacity of the storm (thus reflecting its 
intensity), but also on the time elapsed since the last storm, the rate of 
sedimentation between storms, and the population density. Furthermore, 
diagenetic effects may play an important role, especially early diagenetic 
shell solution (see below). 

Thirdly, the degree of fragmentation of shells cannot necessarily be used 
to infer the onshore-offshore position of a storm bed, but depends also on 
the autochthonous or allochthonous nature of the biogenic hard parts. For 
example, slight winnowing by the distal reaches of a storm may have 
produced shell beds composed of complete Nanogyra provided the sea floor 
was densely populated. Such autochthonous distal shell beds contrast with 
also distal, but allochthonous graded layers of shell debris and bioclasts, 
which have been deposited by storm-induced flows. Both features may 
become mixed and result in storm layers of marked bimodal grain size distri- 
bution (e. g. Fig. 7 F). Thus “proximality” should not be evaluated for single 
beds, but rather for sequences of beds, which give more accurate trends. 
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Cyclicity recorded by storm shell beds 


Despite the problems involved in interpreting the proximality of storm 
| shell beds an attempt was made to chart Nanogyra storm shell beds in the 
_ studied sections according to their degree of proximality (for classification 
see Fig. 7). The resulting storm bed sequence in the Marnes a Exogyra virgula 


) (Fig. 3) suggests some kind of cyclicity reflected in bundles of predominantly 


proximal shell beds alternating with bundles of distal shell beds. At least two 
causes are conceivable for such cycles: The cycles either reflect climatic 
changes, for example an alternation of relatively calm periods with periods 
of stronger storms, or transgressive-regressive changes in the bathymetry of 
the basin. The evidence from a single small section, however, is not sufficient 
to draw far-reaching conclusions. 

Nanogyra shell beds in the Schistes de Chatillon sections may also record 
some cyclicity, but not so much by changes in their proximality, but by the 
alternation of levels free of shell beds with levels of Nanogyra shell beds 
(Fig. 10). Again more data are needed before conclusions can be drawn. 


Causes for the near-monospecific nature of shell beds 


Many shell beds consist exclusively of valves of Nanogyra virgula. In the 
Boulonnais, occasional other macrofaunal elements are Nanogyra nana, large 
Trigonia and Anomia. In the Pointe du Rocher section, small cerithiid 
gastropods are common in some shell beds. Rarely, large Trigonia or Gervil- 
lella occur as single specimens. In contrast, the silt and argillaceous silt 
between Nanogyra shell beds at Cap Gris Nez contain an abundant fauna of 
bivalves and some gastropods. Whilst the shell bed fauna is - except in very 
few cases - calcitic, the fauna of the silt consists overwhelmingly of arago- 
nitic species now preserved as steinkerns. Of the commoner species only 
Nanogyra virgula (representing between 5 and 38% of the fauna) and 
Musculus autissiodorensis have their shell preserved (Table 1). The latter 
species apparently had a two-layered calcitic-aragonitic shell with the calcitic 
part being very thin so that the preserved shells are very fragile. 

Consequently it seems likely, that the dominance of Nanogyra virgula in 
the shell beds does not reflect particular ecological conditions, but can be 
explained by the early diagenetic solution of aragonitic shells prior to 
reworking by storm processes. The shell bed fauna is therefore the diageneti- 
cally distorted relic of communities inhabiting the soft sea floor. Only in a 
single case (Fig. 6b) within the Schistes de Chatillon, this softground fauna 
escaped shell solution. As a result, the shell bed overlying this particular 
horizon contains also numerous valves of aragonitic bivalves and reflects the 
criginal composition of the shelly fauna. 

Whilst reworking of a fauna by storm processes may, in some cases, 
enhance its preservation potential (e. g. AIGNER 1977; see also the preserved 
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cerithiid gastropods in Nanogyra shell beds within the Marnes a Exogyra 
virgula), the present example demonstrates that the timing of reworking is 
crucial: If reworking takes place after dissolution of aragonite, the resulting 
shell beds do not record the original faunal composition (see also KReIsa & 
BaMBACH 1982). 
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Fig. 10. Storm bed sequence in the Schistes de Chatillon sections showing cyclic arran- 
gements of shell beds. The letters A-H refer to storm beds of different proximality 


see 
Fig. 7). Black: Nanogyra virgula shell beds. 
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}| Nanogyra virgula shell beds and associated sediments from the 


Aquitaine Basin and the Boulonnais: a comparison 


In Table 2 some important features of the shell beds and associated 
sediments are listed. They clearly demonstrate that, at Cap Gris Nez, the 


shell beds were deposited largely as proximal storm beds in a shallow 


nearshore environment, whilst at Pointe du Rocher, a more distal 


development of storm beds in an offshore, deeper and quieter environment 


is documented. The shallow nearshore position of the Schistes de Chatillon 


is supported by (1) a dominance of siliciclastic silts and sands; (2) the more 
proximal development of storm shell beds; (3) sedimentary structures 


between shell beds possibly indicating tidal influence; and (4) the lower 
degree of bioturbation pointing to higher rates of sedimentation and 
reworking. The dense packing of many shell beds in the Schistes de 
Chatillon is partly a diagenetic feature. Distorted shells illustrate a degree of 
compaction that was apparently higher in the argillaceous silt and silty clay 
at Cap Gris Nez than in the argillaceous lime muds at Pointe du Rocher. The 
scarcity of benthic fauna between the shell beds at the latter locality also 
reflects a deeper, more basinal position of that area compared to the 
Boulonnais. 


Table 2. Features of Nanogyra virgula shell beds and associated sediments from the 
Schistes de Chatillon and Marnes a Exogyra virgula. 


Schistes de Chatillon Marnes a Exogyra virgula 
(Cap Gris Nez section) (Pointe du Rochers section) 


sediment largely siliciclastic argillaceous-micritic 
(argillaceous silt - 
fine sandy silt) 


sedimentary structures common - 
(between shell beds) 
benthic fauna common rare 
shell beds: 
thickness 0.5-50 cm 0.2-10 cm 
internal structure complex/simple simple 
development of couplets rare common 
degree of packing low-very high low-high 
grading occurs abundant 
bioturbation occurs abundant 
environment nearshore shallow offshore basin 

shelf 

Conclusions 


(1) Skeletal accumulations in the Kimmeridgian of the Boulonnais and 
the Aquitaine Basin consist nearly exclusively of valves or valve fragments of 
the reclining oyster Nanogyra virgula. 
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(2) Shell beds show graded bedding, erosive base, and imbrication, 1. e. 
features well known from modern and ancient storm deposits. 

(3) Three stages in the development of storm shell beds can be distin- 
guished: background sedimentation, storm sedimentation, and post-storm 
bioturbation. 

(4) The wide variety of features allows the arrangement of skeletal 
accumulations along a gradient reflecting decreasing storm influence. The 
skeletal accumulations range from amalgamated storm shell beds (proximal) 
to graded layers of shell debris (distal). 

(5) The vertical sequence of storm beds exhibits a cyclicity, which is 
either of climatic origin, or reflects small-scale transgressive-regressive phases. 

(6) The near-monospecific nature of most shell beds is due to very early 
diagenetic solution of aragonitic faunal elements prior to their reworking by 
storms. 

(7) A comparison between the two localities shows that the depositional 
environment was the nearshore shallow shelf in the case of the Schistes de 
Chatillon and an offshore basin in the case of the Marnes a Exogyra virgula. 
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GERDES, G. & KRUMBEIN, W. E. (1986): Potentielle Silikoklastische Stromatolithe des 
unteren Supralitorals (Südliche Nordsee) als begrenzende Faktoren gang- und röhren- 
bauender mariner Evertebraten. [Burrowing and tube-building marine invertebrates 
controlled by potential siliciclastic stromatolites of the supratidal (Southern North Sea 
Coast)]. - N. Jb. Geol. Paläont. Abh. 172: 163-191; Stuttgart. 


Abstract: The variegated sandy tidal flats (Farbstreifen-Sandwatt) of Mellum (Southern 
North Sea) represent a supratidal depositional environment, in which microbial mat 
sequences (potential siliciclastic stromatolites) are forming. Individual mat types and 
their degradation products have been observed to control the abundance of intertidal 
burrowing and tube-building benthic invertebrates able to colonize the supratidal 
environment. Abundance of organic carbon, anoxic conditions and high amounts of 
nutrients characterize potential as well as fossil stromatolites. Thus, the scarcity of 
lebensspuren in Phanerozoic stromatolites could be due to these parameters rather 
than to physical factors. 


Key words: potential stromatolites, microbial mats, degradation products, ammonia, 
anaerobic sediment, burrowing, tube-builders, lebensspuren, intertidal benthic inverte- 
brates, Pygospio elegans, Corophium arenarium; Mellum island. 


Zusammenfassung: Das im Supralitoral der Insel Mellum (siidliche Nordsee) ausge- 
bildete Farbstreifen-Sandwatt repräsentiert den silikoklastischen Typ potentieller 
Stromatolithe. Die Art der Zusammensetzung der das System aufbauenden mikro- 
biellen Matten und die Abbauprodukte der organischen Substanz sind limitierende 
Faktoren für die Ausbreitung benthischer gang- und röhrenbauender Evertebraten des 
Eulitorals, die fähig sind, in das Supralitoral einzuwandern. Das Bildungsmilieu fossiler 
Stromatolithe war in ähnlicher Weise durch hohe Anreicherungsraten organischer 
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Substanzen, Nährstoffkonzentrationen und anaerobe Bedingungen gekennzeichnet. 


Die Armut an Lebensspuren in Phanerozoischen Stromatolithen könnte eher auf diese | 


Parameter als auf physikalische Ausschlußfaktoren zurückgeführt werden. 


1. Einleitung 


Mit einer kombinierten Methode der Benthosökologie, die vergleichende 
Felduntersuchungen und Laborexperimente unter definierten Bedingungen 
umfaßt, werden Verteilungsmuster und Toleranzgrenzen des spurenbildenden 
Makrozoobenthos in potentiellen Stromatolithen des silikoklastischen Typs 
(Mikrobenmatten, die bei der Diagenese zu Stromatolithen, d. h. laminierten 
biogenen Gesteinen werden können; Krumsein, 1983) in Relation zu 
meßbaren Umweltvariablen quantitativ erfaßt. Folgende aktuopaläontolo- 
gische Frage bildet den Hintergrund der Untersuchungen: 

Besteht ein ursächlicher Zusammenhang zwischen der Üppigkeit und 
Dichte von Mikrobenmatten oder potentieller Stromatolithe und der 
Verarmung des Lebensspurenspektrums (CoHEn et al. 1977; FRIEDMAN & 
KRuUMBEIN, 1985)? 

Stromatolithe sind Gesteine, deren Feinschichtung eindeutig auf Morpho- 
logie und Aktivitäten von Mikroorganismen (Cyanobakterien, andere Proka- 
ryoten aber auch Pilze) zurückführbar ist, die in Wechselwirkung mit dem 
physikalisch-chemischen Milieu des Ablagerungsraumes geologisch erhal- 
tungsfähige laminierte Strukturen bilden (Krumsein 1983). Unkonsolidierte 
laminierte Ablagerungen, deren Ursprung ebenfalls auf besagte mikrobielle 
Aktivitäten zurückzuführen ist, werden analog als potentielle Stromatolithe 
bezeichnet, da diese in vielen Fällen nicht fossil erhalten bleiben. 

Stromatolithe sind die ältesten und besonders markante Zeugnisse biolo- 
gisch-sedimentologischer Wechselwirkungen in vielen Ablagerungsräumen. 
Auffällig ist, daß in fossilen und rezenten marinen Schichtverbänden 
Stromatolithe und Zoobenthosgemeinschaften selten gemeinsam in größerer 
Mannigfaltigkeit und Dichte auftreten. Entsprechend einer häufig vorge- 
brachten Hypothese sollen Stromatolithe sich nur bilden können, wenn 
zuvor der Ausschluß wühlender und weidender Fauna durch physikalisch 
extremere Umweltbedingungen (z.B. hohe Salinität, hohe Temperatur) ein- 
geleitet wurde (GARRETT 1970; GEBELEIN 1976). Spurenarmut in Stromato- 
lithen wird infolgedessen zumeist auf physikalisch extremere Verhältnisse 
zurückgeführt. 

Im Farbstreifen-Sandwatt (FSW), einem im unteren Supralitoral sandiger 
Inseln und Küsten der Nordsee gelegenen rezenten Bildungsraum poten- 
tieller silikoklastischer Stromatolithe (Gerpgs et al. 1985a, b; KRUMBEIN 
1983; Stan et al. 1984 a, b) sind Ablagerungen mit hohen Anteilen mikro- 
biell gebildeter Biomasse nahezu frei von Lebensspuren, während weniger 
stark von den mikrobiellen Matten beeinflußte Sedimente ein dichtes 
Muster von Wohnbauten und Fraßspuren enthalten. 
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Ähnlich wie in diesem Beispiel hatten und haben organische Verbin- 
dungen (in der Literatur häufig als Chemofossilien oder Chemofazies 
bezeichnet) einen hohen Stellenwert bei der Entwicklung von Stromato- 
lithen und müssen zweifellos Einfluß auf die Verbreitung und Diversität von 
Faunengemeinschaften genommen haben (Monty 1973, 1979). Auch 
Boucor (1981) führt aus, daß physikalische Parameter, beispielsweise höhere 
Temperaturen oder Salinitäten, die sich in der Fazies einer Ablagerung 
ausprägen und wiederfinden lassen, direkte Erklärung von Fossilarmut sein 
können: “However, when parameters such as organic carbon, or environ- 


| mental nutrients are involved, the actual manner in which the factor 


influences the biota must be known”. 

Im ersten Teil des folgenden Beitrages werden zwei höhengleiche (und 
damit den Wirkungen von Überflutung und atmosphärischer Exposition in 
gleicher Weise ausgesetzte) Standorte des Farbstreifen-Sandwattes gegenüber- 
gestellt, in denen Mikrobenmatten und die damit verbundenen biogeoche- 
mischen Faktoren unterschiedlich entwickelt sind. Die Ausprägung der 
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Abb. 1. Lage des Farbstreifen-Sandwattes und der verglichenen Standorte am 
westlichen Ausläufer der Insel Mellum, Hoheweg-Watt, südliche Nordsee. Mittlere 
Tidehochwasserlinie (MThw): 1.30 m über NN. Standort 1: Ungeschütztere Lage 
unterhalb der Hochfläche der Flugsandplate. Standort 2: Geschütztere Lage unterhalb 
des Inselgrünlandes. Zwischen den beiden Standorten verläuft ein sich allmählich 
verfüllendes Strandprielsystem (in der Zeichnung angedeutet). Im Bereich des 
Standortes 2 münden Entwässerungspriele aus dem Hinterland der Insel (nicht einge- 


zeichnet). 


Mellum Island, southern North Sea coast. The versicolored tidal flat (Farbstreifen- 
Sandwatt) lies above MHW in the lower supratidal zone. MHW: NN +1.30 m. Siem: 
Unprotected area along the western horn of the island. Site 2: Protected area close to 
the central part of the island. Both areas are separated by a landpriel shallows. 
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Chemofazies (Chlorophyllgehalte als Indikatoren für die Biomassepro- 
duktion, Biomasse-Einlagerung, Ammonium-, Phosphat- und Sulfidkonzen- 
trationen, Redox-Potentiale, pH) und die Abundanz- und Dominanzverhält- 
nisse der Fauna werden verglichen. Im zweiten Teil werden zwei Einzelfak- 
toren (NHy4*-Reichtum und Sauerstoffmangel), von denen limitierende Ein- 
flüsse ausgehen könnten, unter definierten Versuchsbedingungen im Labor 
in’ihrer Wirkung auf die spurenbildenden Arten getestet. 

Der Beitrag stellt (1) Prozesse der Faziesbildung in rezenten Ablagerungen 
auf quantitativer Grundlage dar und diskutiert (2) Fragen der Übertragbarkeit 
der beobachteten Phänomene auf andere ökologische und palökologische 
Systeme. 


2. Vergleichende Felduntersuchungen 


Untersuchungsgebiet ist das Farbstreifen-Sandwatt von Mellum (Abb. 1), 
dessen Lage, Sedimentzusammensetzung, Überflutungssituation im Jahres- 
lauf, Mikrobengesellschaften und Fauna bereits in mehreren Veröffentli- 
chungen beschrieben wurden (Gerpes et al. 1985a, b; MEYER & MICHAELIS 
1980; Star et al. 1984a, b; WUNDERLICH 1979, 1984). 

Das Farbstreifen-Sandwatt ist zwischen der mittleren Tidehochwasserlinie 
(MThw = NN+1.30 m) und der mittleren Springtide-Hochwasserlinie 
(MSpThw = NN +1.70 m) ausgebildet. Die untersuchten Flächen liegen in 
der Höhe von NN +1.60 m. Unterschiede im Mikrorelief machen maximal 
SES) Gia Avy. 


2.1. Material und Methoden 


Folgende der verwendeten Methoden wurden bereits anderenorts beschrieben: 
a) Produktion mikrobieller Biomasse (Indikator: Chl a) im Verlauf des Sommers 1983 
(GERDES et al. 1985 a); 
b) Verbreitung und Abundanzverhältnisse des Makrozoobenthos (GerDEs et al. 
1985 a, b); 
c) Redox- und pH-Potentiale (Annäherungswerte aus Gerpes & Hoıtkamr 1980); 
d) Schichtungen und Gefüge (GErDEs et al. 1985a, b). 


Das festgestellte mikrobielle Artenspektrum deckt sich weitgehend mit den Ergeb- 
nissen von Star et al. (1984 b), auf die verwiesen sei, da im Zusammenhang dieser 
Arbeit nur die Hauptvertreter der Cyanobakterien wichtig sind. 

Sedimentkerne (12 cm Länge, 4,5 cm Durchmesser) wurden im Oktober 1984 
entnommen und schichtweise für die Analysen der NH,*-, PO,°- und SO ,-Konzentra- 
tionen und ihrer Verteilung in der Sedimentsäule aufgeschlossen. Der NH,*- 
Aufschluß mit 2 N KCL wurde nach Pane & Nrıacu (1976) durchgeführt. Der PO,>- 
Aufschluß erfolgte nach WOoNNEBERGER (unverdffentlicht) wie folgt: Die 
Sedimentprobe wurde 15 Minuten mit 10 ml 20-%iger HNO; extrahiert (unter 
Rückfluß gekocht) und danach mit dest. H,O auf 50 ml aufgefüllt. Pro Analysegang 
wurden 0.785 cm? Sediment verwendet. Zur NH,°-Analytik siehe Hörner et al. (1979). 


S” wurde durch Titration in Anlehnung an die DEV (Fachgruppe Wasserchemie 1984) 
bestimmt. 
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2.2. Ergebnisse 
PP.2.1. Mattentypen und Chlorophyllgehalte 


| Mattentypen: Die mikrobielle Matte des Standortes 1 (vergleiche Abb. 1) 
Henthalt überwiegend an Sandkörnern haftende und in den Porenräumen des 
{Sediments verankerte Trichome von Oscillatoria-Arten (Abb. 2). In gerin- 
igerer Dichte sind LPP-Formen (Phormidium, Microcoleus) und kokkoide 
Oyanobakterien vertreten. Unter der photosynthetisch aktiven Schicht liegt 
dein Reduktionshorizont von wenigen mm. Häufig ist ein Eisenhydroxydho- 
IE zwischen Oscillatoria-Matte und Reduktionshorizont eingeschaltet. 
[Der Queller (Salicornia sp.) wächst in lockeren Beständen am Standort (in 
‚Abständen von etwa 60 cm). 

|| Die mikrobielle Matte des Standortes 2 wird überwiegend von der Art 
|Microcoleus chthonoplastes gebildet. Charakteristisch für diese Art sind 
| Trichombiindel, die von einer gemeinsamen Schleimscheide (Glycocalyx) 
umschlossen sind. Die Biindel formen ein dichtes, ineinander und um 
\‘Sandkörner geschlungenes und im Sediment verankertes Flechtwerk (Abb. 
2). Die Matte enthält, mengenmäßig zurücktretend, auch die in der Oscilla- 
| toria-Matte lebenden Arten. Die unterliegenden Sedimente sind bis zur 
|| Oberflächenmatte anaerob. Unmittelbar unter der Oberflächenmatte sind 
| purpurfarbene Horizonte von Anoxyphotobakterien (Chromatium vinosum 
} und andere Arten) ausgebildet. Durch zeitweilig auftretende Vernässungen 
| sterben vor allem die Organismen an der Unterseite der Matte ab und bilden 
"weißliche Abbaustadien, in denen Beggiatoa häufig ist. Makrophyten 
| (Salicornia sp., Spartina anglica und Limonium vulgare) bilden eine Mischve- 
| getation mit teilweise beträchtlicher Dichte. Enteromorpha-Bestände ent- 
| wickeln sich während niederschlagsreicher Perioden auf den Matten. Sie 
werden von Cyanobakterien besiedelt (Abb. 2) und erhöhen mit diesen 
zusammen die Widerstandsfahigkeit des Mattenflechtwerkes und die 
"Biomasseproduktion (Tabelle 1). Auf eine detailliertere Beschreibung der 
| beiden FSW-Typen wird hier verzichtet (siehe HorrMann, 1942, Sra et al. 
‚1984 a, b). 

Chlorophyll a: Die Chlorophyllgehalte der obersten Sedimentschichten 
((10 mm) sind in Tabelle 1 dargestellt. Die Standorte lassen deutliche Unter- 
“schiede in der Produktion der photosynthetischen Biomasse erkennen. Zum 
Zeitpunkt der Oktober-Messung waren am Standort 2 Enteromorpha- 
| Bestände auf den Matten entwickelt, wodurch die Chlorophyllgehalte 
(erheblich zunahmen. 

| 
(2.2.2. Interne Gefüge und Chemofazies 

An beiden Standorten kommen quarzsandige Sedimente (ms fS) zur 
Ablagerung. Die Stärke und Häufigkeit der Sedimentschübe ist jedoch unter- 
schiedlich (Gernes et al. 1985 a). 
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Abb. 2. Mikroorganismen und Mattenbildungen. Oben: Oscillatoria, an Sandkörnern 
haftend und in Porenräumen verankert. Oscillatoria-Arten bilden die Matte am ° 
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Tabelle 1. Chlorophyll a (mg/m?) - Mittelwerte aus 12 Messungen pro Standort 
(Entnahme April bis Oktober 1985). 


Standort 1 Standort 2 
m I MET En 
; April 33 145 
Juni 65 240 
August 15 368 
Okt. 170 888" 


Am Standort 1 liegen die überschütteten und abgestorbenen Matten als 
dünne schwarze Bänder zwischen mächtigeren und helleren quarzsandigen 
Schichten (Abb. 3). Sauerstoffreiches Wasser, das von unten durch die Gezei- 
!tenwirkung in die Ablagerungen gepumpt wird, kann die Sedimente bis zur 
‚Oberfläche mit Sauerstoff versorgen, da die einzelnen Sandschichten nur 
geringfügig durch organisches Material abgedichtet sind. 

Am Standort 2 sind die Sedimentschübe seltener und von geringerer 
Stärke. Aus diesem Grunde liegen dort (1) die Mattenhorizonte enger über- 
einander (Abb. 3), (2) entwickeln sich während längerer Ruhephasen 
organismenreichere mikrobielle Gemeinschaften, und (3) wirken die eng 
übereinandergeschichteten Matten als Sperrschichten für von oben ein- 
“sickerndes oder von unten aufsteigendes Wasser. Während längerer Verweil- 
dauer des Wassers auf und zwischen den Matten kann dieses mit reduzie- 
renden Substanzen angereichert werden. 

Die Überschüttungen der Matten mit quarzsandigen Sedimenten be- 
deuten Störungen, die je nach Häufigkeit und Stärke der Sedimentschübe 
einen positiven oder negativen Effekt auf die Entwicklung des Farbstreifen- 
| Sandwatt-Systems haben. Geringe Sedimentationsraten veranlassen die in 
den Matten lebenden positiv phototaktischen Cyanobakterien, mit gleiten- 
den Bewegungen zur neuen Oberfläche zu wandern. Schleime, Schleim- 
hüllen, abgestorbene oder unbewegliche Organismen bleiben zurück. Perio- 
‚dische, aber in dünnen Lagen auf eine Matte vom Microcoleustyp aufge- 
| tragene Sandschichten können die Entwicklung des anaeroben, mit Anoxy- 


Standort 1. Maßstab: 200 um. Mitte: Trichombündel der Art Microcoleus chthonoplastes, 
die von einer widerstandsfähigen Schleimscheide (Glycocalyx) umschlossen sind, 
| bilden ein Mattenflechtwerk, das typisch für den Standort 2 ist. Unten: Enteromorpha- 
| Fäden sind in der Microcoleus-Matte verankert und von Oscillatoria-Trichomen 
| überlagert. Maßstab für Mitte und Unten: 30 pm. 


| 
I 
| 
| 


Microorganisms and microbial mat formation. Above: Site 1: Filaments of Oscillatoria, 
| growing on and between sand grains (Scale 200 pm). Middle: Microcoleus chthonoplastes 
trichomes - bundled and enveloped by a tough sheath of mucopolysaccharides - form 
a dense meshwork. Below: Oscillatoria sp. settle on a green algal filament (Entero- 
morpha) which grew in the mat of site 2. 
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Abb. 3. Sedimentprofile (Dünnschliffe) der Standorte 1 und 2. Links: Standort 1. Die 
eingesandeten und abgestorbenen Matten ziehen sich als dünne schwarze Bänder 
durch das Sediment, das zum größten Teil aus hellen quarzsandigen Schichten besteht. 
Gänge und Röhren führen senkrecht in das Sediment hinein. Rechts: Standort 2. Die 
Microcoleus-Matten wurden jeweils nur von dünnen Sandschichten überlagert und 
liegen infolgedessen eng übereinander gestapelt. Die sandigen Zwischenlagen sind 
ebenso anaerob wie die Matten (vergleiche Abb. 5). Maßstab: 1 cm. 


= 
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|photobakterien und Sulfatreduzierern angereicherten laminierten Systems 


beschleunigen, da die organisch reichen abgestorbenen Mattenreste eng 
übereinanderliegend eingelagert werden. Bei Überschüttungen der Matten 
mit mächtigeren Sandschichten sterben die Organismen insgesamt ab. In 
diesem Fall kann sich eine neue Matte nur durch Wiederbesiedlung von 
außen bilden. Da Trichome und Einzelzellen der Cyanobakterien im Wasser 
treiben und auf freilaufenden Flächen abgesetzt werden können, geschieht 
dieses auch, jedoch langsamer als bei aktiver Verlagerung der Matte nach 
oben. 

NH;*-, PO,°- und S?-Verteilung: Wir fanden vor allem in den obersten 2 
bis 3 cm der Sedimentsäulen erhebliche Unterschiede zwischen den beiden 
Standorten (Abb. 4). Erst mit zunehmender Sedimenttiefe glichen sich die 


Werte der Standorte weitgehend aneinander an. 


Extrem hoch lagen die NH,*-, PO, und S*-Werte an einem Entnahme- 
punkt des Standortes 2, dessen Matten von Enteromorpha sp. durchwachsen 


ı waren (Abb. 4). Diese Grünalge ist in der Lage, das unter reduzierenden 


Bedingungen im Sediment sich anreichernde NH,’ direkt aufzunehmen 
(RANWELL 1972) und gilt infolgedessen auch als Anzeiger für den NH,‘- 
Reichtum im Substrat. 

Die Werte der Abb. 4 wurden im Oktober, zum Ende der Wachstums- 
periode, ermittelt. Zu diesem Zeitpunkt erreicht die Biomasseproduktion der 
Matten die höchsten Werte (Tabelle 1; siehe auch Stau et al. 1984 a, b). Es ist 


möglich, daß die Konzentrationen der reduzierenden Substanzen vor und zu 


Beginn der Wachstumsperiode, die etwa im Mai einsetzt, niedriger liegen. 
Um den sommerlichen Anstieg zu demonstrieren, werden ın Tabelle 2 die 
Ammoniumkonzentrationen des Poren- und Seewassers dargestellt, die von 
Star et al. (1984 b) im Jahre 1982 ermittelt wurden. 

Redoxpotential und pH-Wert: Die Daten basieren auf GERDES & 


' HoLTKAMP (1980) (Abb. 5). Sie verdeutlichen die Unterschiede zwischen den 
' Standorten 1 und 2, auch wenn bei den damaligen Untersuchungen eine 


etwas andere Höhenlage gewählt wurde (NN+1.50 m bzw. NN+1.55 m). 

Oxydationsgrad, Anaerobie und Konzentration der reduzierten Sub- 
stanzen sind Folgen der in unterschiedlicher Intensität ablaufenden Wechsel- 
wirkungen zwischen mikrobieller Aktivität und sedimentärem Geschehen. 
Die Intensität und die Folgeerscheinungen dieser Wechselbeziehung sind 
durch die jeweilige Lage und die Exposition der Standorte, durch Sedimenta- 
tionsraten und durch die morphologischen und physiologischen Anpassungs- 


Thin sections of cores of sites 1 and 2. Left: Site 1. Oscillatoria-mats which were killed 
by higher sedimentation rates appear as thin black bands within the oxidized light 


| brown quartz-sand. Vertically oriented burrows and tubes are visible. Right: Site 2. 


With low-rate sedimentation proceeding, mats lie closely together and influence the 
quartz-sandy sediment by anaerobic degradatation (compare Fig. 5). 
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mechanismen der Mikroorganismen bestimmt. Sie sind weiterhin bestimmt 
durch die zeitlichen Bedingungen, die in unserer Darstellung nicht erfaßt 
wurden. Letztere umfassen den Tag/Nacht-Rhythmus der mikrobiellen 
Aktivitäten, den Gezeitenwechsel im vierzehntägigen Springtidenrhythmus 
sowie Veränderungen im Jahresverlauf und innerhalb mehrerer Jahre (Stat et 
al. 1984 a, b). 
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Abb. 4. NH,*-, PO4°-und S?-Verteilung in Sedimentprofilen der Standorte 1 und 2. 
Die NH,*- und PO,°-Werte beziehen sich auf insgesamt durch KCL extrahierbare 
Konzentrationen, da Porenwasser durch Zentrifugation nicht zu gewinnen war. Die 
Werte sind auf das Trockengewicht des Sedimentes bezogen. Für den Standort 2 
wurden zwei Profile dargestellt. Einer der Entnahmepunkte dieses Standortes war mit 


Enteromorpha sp. bewachsen und zeigt besonders hohe Werte der untersuchten 
Substanzen. 


Distribution of NH,*, PO,* and S* in the sediments of site 1 and 2. Ammonia and 
phosphate values are expressed as extractable by KCl (interstitial water could not be 
recovered by centrifugation). Values refer to sediment dry weight. Two sets of data were 


analysed for site 2. This site was colonized by Enteromorpha sp. indicating high nutrient 
concentrations. 


Tabelle 2. Ammonium-Gehalte (ug N/1) des interstitiellen Wassers im Farbstreifen- 
Sandwatt von Mellum und im Seewasser der Mellum-Balje (aus Star et al. 1984). 


Porenwasser im Farb- Seewasser 
streifen-Sandwatt 
Monat: Juli 430 115 
August 464 144 
September 579 185 
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Abb. 5. Redoxpotentiale und pH (aus Gerpes & HoLrtkamp 1980). Die Verhältnisse 
entsprechen in etwa denen der Standorte. Eh-Werte zwischen +100 mV und +200 mV 
und pH-Werte nach 8 tendierend sind typisch für den Standort 1: Eh-Werte bis -360 
mV und pH-Werte nach 7 tendierend sind typisch für den Standort 2. 


pH and oxidation-reducation potentials. Values between +100 mV and +200 mV and 
pH values approaching 8 are typical for Site 1; values reaching -360 mV and pH values 
approaching 7 are typical for site 2. 


2.2.3. Siedlungsstrukturen des Makrozoobenthos 


Die Artenspektren der miteinander verglichenen Standorte, die Indivi- 
duendichten, relativen Abundanzen und Präferenzen des Makrozoobenthos 
sind in Tabelle 3 dargestellt. 

Sieben Arten wurden am Standort 1, acht Arten am Standort 2 statistisch 
erfaßt. Der röhrenbauende Polychaet Pygospio elegans ıst am Standort 1 
dominant, der Oligochaet Lumbricillus lineatus am Standort 2. Beide Arten 
sind zahlenmäßig fast gleich häufig vertreten. Auch der Diversitätsindex 
(H’), Eveness (J) und Dominanz (1-J) sind an beiden Standorten ähnlich. 

Der Standortsvergleich macht deutlich, daß quantitative Unterschiede, 
bezogen auf die Gesamtarten- und -individuendichten, nicht ausschlag- 
gebend für die am Standort 2 zu beobachtende Spurenarmut sein können. 
Vielmehr sind (1) die Dominanzverschiebung innerhalb eines nahezu 
gleichen Arten- und Individuenspektrums, (2) die offensichtliche Limitierung 
der röhren- bzw. gangbauenden Arten Pygospio elegans und Corophium 
arenarium am Standort 2 entscheidende Faktoren. 


13 N. Jb. Geol. Paläont. Abh. Bd. 172 


174 Gisela Gerdes und Wolfgang E. Krumbein 


Tabelle 3. Artenspektren, Individuendichten, relative Abundanzen und Präferenzen des 
Makrozoobenthos (Mittelwerte aus jeweils 10 Proben pro Standort) 


Standort 1 
Arten Individuen Relative Präferenz 
x m? Abundanz 

1. Pygospio elegans 19.888 80.0 % 99.2% 
2. Lumbricillus lineatus 1.986 8.0 % 9.3% 
3. Corophium arenarium 1.908 7.7% 
4. Hydrobia ulvae 949 3.8% 36.0% 
5. Nereis diversicolor 74 0.3 % 8.8 % 
6. Bathyporeia sp. B5 0.1% 
7. Bledius subniger 28 0.1% 
Gesamtindividuen x m? 24.868 100% 
H’ 1.06 

0.38 
Dominanz (1-J) 0.62 

Standort 2 
Arten Individuen Relative Präferenz 
x m” Abundanz 

1. Lumbricillus lineatus 19.462 83.1% 90.7 % 
2. Hydrobia ulvae 1.685 7.2% 64.0 % 
3. Nereis diversicolor 1.302 5.5 % 91.2% 
4. Dolichopodidae sp. 348 1.5 % 
5. Scatella subguttata 227 1.0 % 
6. Pygospio elegans 159 0.7 % 0.8 % 
7. Heterocerus flexuosus 147 0.6% 
8. Bledius spectabilis 98 0.4 % 
Gesamtindividuen x m? 23.428 100% 
lal 1.01 
J 0.34 
Dominanz (1-)) 0.66 


2.2.4. Spurendichte 


Für den Grad der Spurenarmut in den silikoklastischen potentiellen 


Stromatolithen kann somit die Dominanzverschiebung als mittelbare 
Ursache herausgestellt werden, da nicht An- oder Abwesenheit der Fauna 
sondern Verschiebungen in der Häufigkeit stark wühlender Arten fazies- 
prägend werden. 

Erhaltungsfähige, artspezifische Wohnbauten werden von den Arten 
Pygospio elegans, Nereis diversicolor, Bledius spectabilis, Heterocerus flexuosus, 
Corophium arenarium und Bledius subniger errichtet. Der Oligochaet Lumbri- 
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cillus lineatus hinterläßt keine signifikanten Spuren im Sediment. Möglicher- 

weise kann diese Art eine Umlagerung einzelner Sandkörner innerhalb und 
auf den Matten bewirken, da sie bevorzugt die von Bakterien und 
Diatomeen umkleideten Sandkörner frißt und zur Oberfläche hin die gerei- 
nigten Quarzsandkörner ausscheidet (GiERE, 1975). 

Entsprechend der Populationsdichten kommen am Standort 1 insgesamt 
21.950 Wohnbauten auf den m? (der - konservativ aus 100// n berechnete - 
Wohnbautenabstand liegt damit bei 6 mm). Am Standort 2 kommen da- 
gegen nur noch 1706 Wohnbauten auf den m?, der Abstand zwischen ihnen 
liegt damit bei 24 mm. 


2.2.5. Zusammenfassung der vergleichenden Felduntersuchungen 


1. Höhengleiche Standorte des Farbstreifen-Sandwattes sind von einer 
Faunengemeinschaft mit ähnlichem Artenspektrum und ähnlicher Dichte 
besiedelt. Im Vergleich der Standorte ergeben sich jedoch Abundanzunter- 
schiede der einzelnen Arten. 

2. Der Standort 2 ist gekennzeichnet durch üppiger ausgeprägte Matten, 
höhere Mengen eingelagerter Biomasse, höhere Konzentrationen reduzierter 
Substanzen und stark negative Redoxpotentiale. 

3. Arten, deren Wohnbauten zu signifikanten Lebensspuren in den Ablage- 
rungen führen, sind besonders von den Bedingungen am Standort 2 negativ 
beeinflußt. Ihr Ausschluß bzw. ihre rückläufigen Populationsdichten sind 
mittelbare Ursache der Spurenarmut dieses Standortes, der aufgrund seiner 
üppigen Mattenbildung und mächtigen biogenen Laminite höhere 
Aussichten auf geologische Erhaltungsfähigkeit besitzt als der Standort 1. 


3. Untersuchungen unter definierten Bedingungen im Labor 


Zur Interpretation der Wirkung von Einzelfaktoren auf die hauptsäch- 
lichen Spurenbildner im Farbstreifen-Sandwatt (Pygospio elegans und 
Corophium arenarium) werden nachfolgend Methoden und Ergebnisse von 
Versuchen unter definierten Laborbedingungen dargestellt. 


3.1. Versuche zur Wirkung ansteigender NH,*-Konzentrationen 


3.1.1. Material und Methoden 


Vorbereitung der Versuchstiere: Die Versuchsplanung wurde weitgehend auf die 
Lebensweise der untersuchten Arten ausgerichtet. Beide leben in Wohnbauten 
(Pygospio in sandagglutinierten Röhren, Corophium in schleimausgekleideten Gängen). 
Sie sind ortsbeständig (semisessil), besitzen jedoch die Fähigkeit zum Ortswechsel. Im 
Biotop wird Corophium häufig an der Sedimentoberfläche kriechend oder im seichten 
Wasser schwimmend angetroffen. Die Fähigkeit von Pygospio elegans zum aktiven 
Ortswechsel ist im Feld weniger augenscheinlich als im Labor. Werden die Tiere lebend 
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mit ihren Röhren aus dem Sediment ausgesiebt und in Schalen mit Seewasser gehältert, 
so verlassen sie innerhalb weniger Minuten ihre Röhren und bewegen sich schlängelnd 
durch die Versuchsschale. In einem sedimentgefüllten Behälter tauchen sie unmittelbar 
nach dem Einsetzen in das Sediment ein, wobei die Schleimsekretion im Moment des 
Kontaktes mit dem Sediment einsetzt. 

Für die Versuche wurden adulte Tiere (Pygospio: 10-15 mm Länge, Corophium: 15- 
20 mm Länge) aus dem Standort 1 des Farbstreifen-Sandwattes von Mellum verwendet, 
die zwei bis drei Wochen im Labor bei 20°C +/-2°C gehältert worden waren. Sie 
wurden, wie oben geschildert, vor Versuchsbeginn ausgesiebt und in flache Schalen 
gespült. Von dort wurden die pro Versuchsgefäß benötigten Tiere mittels Pasteurpi- 
petten aufgenommen (eine abgebrochene Pipette, deren Öffnung über der Gasflamme 
erweitert und geglättet wurde, erleichterte die unbeschädigte Aufnahme der größeren 
Corophien) und zunächst in ein Wägeschälchen überführt. Das mitgesaugte Seewasser 
wurde aus dem Wägeschälchen entfernt, so daß die Tiere kurzfristig trocken lagen. Sie 
wurden mit der jeweiligen Versuchslösung in sedimentgefüllte Versuchsgläser gespült. 
Auf diese Weise wurde eine Verdünnung der Versuchslösungen vermieden. Lethale 
Folgen beim Überführen der Tiere in höhere Ammonium-Konzentrationen waren 
nicht zu beobachten (siehe 48-stündige Vorversuche, Abschnitt 3.1.2.). 

Vorbehandlung von Sediment und Seewasser: Beim Versuchsaufbau wurde zum 
Teil auf Erfahrungen von Erıranıo & SRNA (1975), THEEDE et al. (1969) und Drigs & 
Tueepe (1974) zurückgegriffen. Wegen der semisessilen Lebensweise der Tiere war es 
nötig, ihnen während der Versuchsdauer Sand als Medium zum Eingraben zur 
Verfügung zu stellen, um einen zusätzlichen Bewegungsstreß zu vermeiden. 


In einem Vorversuch wurde Sand aus dem Biotop der Tiere mit kochender 
Salzsäure und erhitztem H,O, gereinigt. Dieses Verfahren führte jedoch - trotz 
mehrfacher anschließender Spülungen in Leitungswasser und destilliertem Wasser - zu 
instabilen pH-Werten. Um diesen Faktor so weit wie möglich kontrollieren zu können, 
wurde auf die beschriebene Reinigungsmethode verzichtet und das Sediment wie folgt 
vorbehandelt: 

Der Korngrößenbereich zwischen 0.1 und 0.5 mm wurde ausgesiebt und auf einem 
0.1 mm Sieb zunächst in Leitungswasser und anschließend mehrfach mit destilliertem 
Wasser gewaschen, um die meist unter 0,1 mm Korndurchmesser liegenden 
organischen Partikel zu entfernen. Der Sand wurde im Trockenschrank bei 105°C 
getrocknet. 


Das Seewasser wurde im Wattenmeerbereich westlich Mellum entnommen. Es 
wurde vor Versuchsbeginn zunächst über einen Filter (Schleicher & Schüll 602 h) und 
anschließend mehrfach über Aktivkohle gefiltert. Der Salzgehalt betrug bei allen 
Versuchen 28-30%o S und entsprach damit der Salinität des Flutwassers im Unter- 
suchungsgebiet. Die Salzgehalte wurden mit einem Refraktometer (American Optical 
Corporation) gemessen. Die Temperaturen wurden bei 20 #2°C gehalten. 

Einstellung der pH-Bereiche: Die Versuche wurden in den pH-Bereichen 7 und 8 
durchgeführt. Die toxische Wirkung hoher NHy4'/NH;-Konzentrationen auf 
aquatische Tiere ist auf die Durchlässigkeit biologischer Membranen für die NH;-Form 
zurückzuführen. Die Einschleusung des NH; wird wesentlich von der jeweiligen H*- 
Konzentration im Außenmedium und in der Körperflüssigkeit der Tiere bestimmt 
(Kinng 1976). Bei einem pH-Wert von 8 liegt der Anteil des Ammoniaks in der 
Gesamtkonzentration des Ammoniums (im folgenden sind mit dem Begriff 
Ammonium beide Formen gemeint) etwa 10fach höher als bei einem pH-Wert von 7 
(WARREN 1962). 

Die pH-Werte des für die Versuche verwendeten Seewassers lagen zwischen 7.8 und 
8.2. Sie wurden je nach Versuchsansatz mit einigen Tropfen NaOH bzw. mit einem 
schwach sauren Phosphatpuffer verändert (Zusammensetzung: 0.1 M KH,PO,-Lösung: 
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50 ml, 0.1 N NaOH-Lösung: 29.1 ml, bidestilliertes Wasser: 20.9 ml). Die pH-Werte 


wurden mit einem batteriebetriebenen Meßgerät (Portamess-Knick) und einer Ingold- 


| pH-Elektrode gemessen. 


Lösungen und Verdünnungen: (1) 1.32 g (NH.);HPO, wurden in 100 ml bidestil- 
liertem Wasser gelöst (© 100 mM (NH,),HPO,). (2) Aus dieser Stammlösung und dem 
gefilterten und auf pH 7 bzw. 8 eingestellten Seewasser wurden Verdünnungen herge- 
stellt (siehe Abb. 6). (3) Der gereinigte Sand wurde in 100 ml-Becherglaser gefüllt und 
mit den jeweiligen Verdiinnungen übergossen (benötigtes Volumen pro Glas 40 ml). (4) 
Die NH,*-Konzentrationen wurden vor und nach dem Tränken des Sandes kolorime- 
trisch gemessen. Zur Calibrierung wurden die gleichen Verdünnungsschritte in bidestil- 
liertem Wasser angesetzt. Zur Zusammensetzung der für die kolorimetrische Analyse 
verwendeten Lösungen siehe Hörner et al. (1979). Die kolorimetrische Analyse wurde 
mit einem Beckman-Photometer DU durchgefiihrt. Die Absorption wurde nach 30’ bei 
578 nm gemessen. 

Versuchsdurchführung und Nachbehandlung der Versuchstiere: Die Tiere wurden 
in die Gläser eingesetzt und Lösungsüberstände abgehebert, bis die Flüssigkeit nur 
noch 1-2 mm hoch auf dem Sediment stand. Die Versuche wurden in jeweils 2 Dupli- 
katserien durchgefiihrt. Pro Lésungsansatz wurden 10 Tiere der Art Pygospio elegans 
bzw. 6 Tiere der Art Corophium arenarium verwendet (getrennte Unterbringung). 

Die Uberlebensraten der eingesetzten Tiere wurden zunächst in einem 48 Stunden 


| dauernden Vorversuch im pH 8-Bereich getestet. Aufgrund der hohen Uberlebensraten 


(s. Abschnitt 3.1.2.) wurde die Versuchsdauer auf 96 Stunden ausgedehnt. Während der 


'' Dauer der Versuche blieben die Gläser mit Aluminiumfolie verschlossen. Bei 


Beendigung des 96 h-Versuches wurde zunächst eine Wasserprobe aus einem im 


‘| Sediment des Versuchsglases angebrachten Kapillarröhrchen (abgesägte Pasteur- 
'| Pipetten) entnommen und auf Veränderungen des NH,*-Gehaltes überprüft. Die Tiere 


wurden anschließend in frischem Seewasser ausgesiebt und in Hinblick auf ihre 
Lebenstätigkeit kontrolliert. Als Maßstab für das Überleben wurde bei Pygospio elegans 
das aktive Verlassen der Röhren und erneute Eintauchen in frisches Sediment gewertet 
(Beobachtung unter dem Binokular), bei Corophium arenarium die schwimmend- 


| kriechende Fortbewegung in der mit frischem Seewasser gefüllten Glasschale. Bei 


Berührung Reaktion zeigende, aber nicht bewegungsaktive Tiere wurden in sediment- 


' gefüllte, mit belüftetem Seewasser versorgte Gefäße überführt und erst nach 24 
Stunden kontrolliert. 


| B:1.2. Ergebnisse 


Vorversuche (48 Stunden - pH 8): Diese Versuche erbrachten folgende 


| Ergebnisse: 
Lösungsansätze (mmol NH,*17) 
2.5 5.0 75 10.0 
Überlebende Tiere: 
1. Pygospio elegans 100% 100% 100 % 100% 
| 2. Corophium arenarium 100% 83% 67% 50% 


In den Lösungsansätzen 7.5 und 10.0 mmol NH,* 17 zeigten sich bei den 


darin befindlichen Tieren Merkmale, die möglicherweise als sublethale 


| Schädigungen gewertet werden können: 


(1) Den Tieren der Art Pygospio elegans fehlten die Kopftentakel. Mogli- 
cherweise handelt es sich hierbei um eine Autotomiereaktion. 


14 N. Jb. Geol. Paläont. Abh. Bd. 172 


178 Gisela Gerdes und Wolfgang E. Krumbein 


in (PORENWASSER) 


> 


NHA mmol 
N 


Ss 1 25 5 75 joe 1 25 5 75 10 
mM NHA mM NHA 


Abb. 6. Veränderung des angesetzten NH,*-Standards bei unterschiedlichen Verdün- 
nungen mit gefiltertem Seewasser. Abzisse: Kalkulierte Konzentrationen; Ordinate: 
Wiedergefundene Konzentrationen: (+) zu Versuchsbeginn im Lösungs-Sedimentge- 
misch, (@) nach 96 Stunden Aufenthalt in der Corophium-Serie, (0) nach 96 Stunden 
Aufenthalt in der Pygospio-Serie. S = Seewasser-Vergleichsprobe. 


Changes of the ammonia standard upon dilution with filtered sea water. X-axis calcu- 
lated concentrations; Y-axis: recovered concentrations (+) at the start of experiments, 
(©) after 96 h of the experiment with Corophium (o) after 96 h of the experiment with 
Pygospio. 


(2) Die Tiere der Art Corophium arenarium waren nach dem Aussieben 
bewegungsunfahig, konnten jedoch bis auf ein Tier ihre Bewegungsaktivitat 
im Regenerationsbecken wiedererlangen. 

Hauptversuche (96 Stunden - pH 8 und pH 7): 

a) Verhalten der NH,*-Lésungen: Die kalkulierten Konzentrationen 
wurden weitgehend bei Beendigung der Versuche wiedergefunden. Ähnliche 
Erfahrungen machten Erıranio & Srna (1975). In Abb. 6 sind die Verände- 
rungen dargestellt, die sich (1) bei der Verdünnung der Stammlösung mit 
dem Seewasser und beim Mischen dieser Lösung mit dem Sediment, (2) nach 
96 h in Anwesenheit der Tiere ergaben. 


b) pH-Werte: Die eingestellten pH-Bereiche veränderten sich innerhalb 96 
Stunden wie folgt: 
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Lösungsansätze (mmol NH,*1~') 


Seewasser- 

vergleichs- 

probe DAS OS 0.75 1.0 DS 5.0 TS 10.0 
pH 7 WD 7.6 Tes) 7) 18 We? 7.1 WA Tel 
pH 8 Ten 7.8 7.8 79 7.9 es) 7.8 UE) 7.8 


Möglicherweise machen sich in der pH 7-Serie Einflüsse des nicht von 
den karbonatischen Bestandteilen befreiten Sedimentes bemerkbar, und zwar 
um so stärker, je geringer der Anteil des zugesetzten phosphorsauren 
Ammoniums war (vgl. Lösungsansätze 0.25-0.75 mit 1.0-10.0). 

c) Überlebensfähigkeit der Versuchstiere und toxisch wirkende Konzen- 
trationen (TCso): Die Überlebensfähigkeit der Arten Pygospio elegans und 
Corophium arenarium in NH,*-angereicherten Medien sind in Abb. 7 darge- 
stellt. 

Als toxisch wirkend werden diejenigen Konzentrationen definiert, in 
denen 50% der eingesetzten Tiere nach 96 Stunden tot waren (TC; 9). Unter 


(%) 


[er] 
(eo) 


5 


UBERLEBENDE 
© 
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| mM NH4 mM NH4 

| 

o PYGOSPIO ELEGANS e COROPHIUM ARENARIUM —— 96h ----48h 


Abb. 7. Überlebensfähigkeit des Polychaeten Pygospio elegans und des Amphipoden 
Corophium arenarium in unterschiedlichen NH,*-Konzentrationen und unter verschie- 
denen pH-Bedingungen. Auf der Basis dieser Werte wurden die toxisch wirkenden 
Konzentrationen für 50% der eingesetzten Tiere (TCs,) ermittelt: pH 8-Bereich: TCso 
Pygospio elegans 5.9 mM, Corophium arenarium 2.5 mM; pH 7-Bereich: TCs9 Pygospio 
elegans 8.1 mM, Corophium arenarium 54 mM NH,". 


Survival potential of the polychaete Pygospio elegans and the amphipod Corophium 
arenarium at different ammonia concentration levels at different pH-values. At the 
basis of the values found TCs9 (toxic concentration expressed as 50 percent lethality) 
was calculated: pH 8, Pygospio elegans TCs) = 5.9 mM, Corophium arenarium TC5o md 
2.5 mM; pH 7, P. elegans TCs = 8.1 mM, C. arenarium TC;o = 5.4 mM ammonia. 
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Zugrundelegung der zum Ende der Versuche wiedergefundenen Konzentra- 
tionen (Abb. 6) lagen die toxisch wirkenden Konzentrationen wie folgt: 


Pygospio elegans: im pH 8-Bereich bei 5.9 mM NH," 
im pH 7-Bereich bei 8.1 mM NH,* 


Corophium arenarium: im pH 8-Bereich bei 2.5 mM NH,* 
im pH 7-Bereich bei 5.4 mM NH," 


Die Ergebnisse dieser Versuche zeigen: (1) Beide Arten besitzen eine 
erstaunliche Resistenz gegenüber hohen NHy,*-Konzentrationen im 
Sediment, vor allem im pH 7-Bereich; (2) im Ertragen höherer NH, - 
Konzentrationen ist Pygospio elegans deutlich Corophium arenarium über- 
legen. 


3.2. Versuche zur O,-Mangelresistenz 


3.2.1. Methoden 


Durch gefiltertes Seewasser (28-30 %o S, pH 7.9, 20° C) wurde N, geleitet, bis der 
Sauerstoff auf einen Wert um 1.4 mg/l abgesunken war (Kontrolle durch Winkler). 

Das Seewasser wurde in einem unten geschlossenen und mit einer Glasscheibe 
abgedeckten Plexiglas-Zylinder (23 cm Durchmesser, 30 cm hoch), dessen oberer Rand 
mit Vakuum-Schliffett eingefettet worden war, vorbehandelt. 

Pro Art wurden 8 in den Wänden und Böden perforierte, mit Gaze ausgekleidete 
Körbe (Plastik-Teesiebe von 4 cm Durchmesser und 7 cm Höhe) verwendet. Sie wurden 
mit gereinigtem und getrocknetem Seesand gefüllt, mit 10 Tieren der Art Pygospio 
elegans bzw. mit 4 Tieren der Art Corophium arenarium besetzt und über eine waage- 
recht im Zylinder befestigte Holzstange gehängt. Die Sedimentoberfläche in den 
Körben lag auf gleicher Höhe mit dem Wasserspiegel im Zylinder. Während der 
Versuchsdauer wurde weiterhin N, durch das Seewasser geleitet. Die Werte lagen zum 
Ende der Versuche bei 1.1 bis 1.2 mg/l Op. 

Je zwei Körbe wurden nach 24 h, 48 h, 72 h und 96 h entnommen und für eine 
halbe Stunde in frisches, O,-gesättigtes Seewasser überführt. Nach dieser Regenera- 
tionszeit wurden die Tiere in Seewasser ausgesiebt und, wie in Abschnitt 3.1.1. 
geschildert, auf Lebenstätigkeit überprüft. 


32232 Esgebnisse 


Die Ergebnisse dieses Versuchs sind in Abb. 8 dargestellt. Sie zeigen, daß 
Corophium arenarium äußerst empfindlich auf Sauerstoff-Defizite im Poren- 
wasser reagiert (von insgesamt 32 eingesetzten Tieren überlebte nur eines 
nach 24 Stunden). Pygospio elegans besaß dagegen eine weitaus höhere 
Resistenz (75% überlebten noch 96 Stunden). Versuche mit Nereis diversi- 
color, einer Art, die ebenfalls im Farbstreifen-Sandwatt vorkommt, erbrachten 
ein ähnliches Ergebnis (LDs, bei Sauerstoffdefizit: 120 Stunden, LDs9 bei 
Sauerstoffdefizit +SO; : 96 Stunden; THEEDE et al. 1969). 
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Abb. 8. Überlebensfähigkeit der Arten Pygospio elegans und Corophium arenarium in 
sauerstoffarmen Sedimenten. Pygospio elegans: Mehr als 50% der Tiere überlebten 96 
Stunden; Corophium arenarium: Weniger als 50% der Tiere überlebten 24 Stunden. 


Survival potential of Pygospio elegans and Corophium arenarium in oxygen depleted 
sediments. P. elegans: More than 50% of the tested animals survived 96 h exposure; 
C. arenarium: Less then 50% of the tested animals survived 24 h. 


4. Diskussion 


4.1. Physiologisch-ökologische Bandbreiten der im Farbstreifen-Sandwatt 
lebenden Tiere 


4.1.1. Aperiodische Überflutungen 


Physikalische Faktoren, die mit der Lage des Farbstreifen-Sandwattes 
oberhalb MThw zusammenhängen, können als verbreitungshemmende 
Faktoren ausgeschlossen werden. Hierfür sprechen folgende Beobachtungen: 

1. Die Siedlungen beider Arten sind bis zur MSpThw-Linie anzutreffen. 

2. Beide Arten sind mit adulten und juvenilen Stadien vertreten. Wir 
fanden Pygospio auch in dem von Rasmussen (1953) und Smipr (1951) 
beschriebenen asexuellen Teilungsstadium. 

3. Beide Arten tolerieren lang ausgedehnte überflutungsfreie Phasen 
(unter Versuchsbedingungen mehr als 16 Wochen). Die Ergebnisse zu diesen 
Untersuchungen sind der besseren Übersicht halber in Tabelle 4 dargestellt 
(siehe auch GERDES & KRUMBEIN 1985). N 

Möglich ist allerdings, daß durch die unregelmäßige Überflutung Streß- 
situationen entstehen, in denen Störungen durch zusätzliche Faktoren zum 
kurz- oder längerfristigen Ausschluß der Arten führen können. Solche 
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Tabelle 4. Überlebensraten der Arten Pygospio elegans und Corophium arenarium bei 
seltener oder fehlender Oberflächenbewässerung. 


Bewässerungsart Dauer Pygospio Corophium 
elegans arenarium 
Zahl überlebender Zahl überlebender 
Tiere % Tiere % 

Ständig ohne 

Oberflächen- 

bewässerung: 8 Wochen 16 80 17. 85 

16 Wochen 13 65 16 80 

Oberflächen- 

bewässerung 

1 x pro Woche 

30 Minuten: 8 Wochen 9 85 18 90 


Pro Versuch wurden 20 Tiere verwendet. Die Versuche wurden in sedimentgefiillten 
Plastikkasten (10 x 10 x 10 cm) durchgefiihrt. Durch einen etwa 1 cm oberhalb des 
Bodens befindlichen Zulauf wurde Seewasser geleitet, welches durch kapillaren 
Aufstieg die Oberflächensedimente feucht hielt. 


zusätzlichen Faktoren entstehen im Farbstreifen-Sandwatt durch die mikro- 
biellen Aktivitäten und die daraus ableitbaren biogeochemischen Situa- 
tionen. 


4.1.2. Biogeochemische Parameter 


In der Korngrößenverteilung unterscheiden sich die Sedimente des 
Standortes 1 nicht wesentlich vom Standort 2. Letzterer ist primär aufgrund 
der mikrobiellen Produktion in seinen chemischen Eigenschaften verändert. 

1. Anaerobie der Sedimente: Infolge der geschützteren Lage des 
Standortes 2 und der Vegetationsdichte ist die Rate aufgelagerten Sandes 
gering. Die kontinuierlich sich aufbauenden Mattenlaminite führen zur 
hochgradigen Anaerobie und Ansammlung von reduzierten Verbindungen in 
den Sedimenten. Der Versuch zur O,-Mangelresistenz weist darauf hin, daß 
Corophium arenarium ın diesem Milieu nicht lebensfähig ist. 

In Untersuchungen zur Substratselektion von Corophium arenarium 
wurde beobachtet, daß fein- bis mittelsandige Sedimente von dieser Art 
bevorzugt-werden (MEapows 1964). Möglicherweise zeichnet sich hierin die 
Empfindlichkeit der Art gegenüber anaeroben Bedingungen ab. Diese treten 
normalerweise in fein- bis mittelsandigen Sedimenten weniger stark hervor. 
Sıe werden am Standort 2 jedoch durch die mikrobielle Produktion verstärkt. 
Auch Perkins (1974) weist darauf hin, daß Corophium arenarium äußerst 
empfindlich auf anaerobe Bedingungen reagiert. 

Der Aktionsradius von Pygospio elegans ist demgegenüber sehr viel breiter. 
Im Eulitoral kommen Siedlungen dieser Art in sandigen wie in siltigen, in 


Potentielle Silikoklastische Stromatolithe des unteren Supralitorals 183 


anaeroben wie in aeroben Sedimenten vor (Linke 1939). Obwohl Pygospio 


|| elegans demnach offensichtlich in hochgradig anaeroben Sedimenten leben 


kann, zeigt diese Art im Farbstreifen-Sandwatt ebenso wie Corophium 
arenarium abnehmende Abundanz in der Zone des stärkeren Matten- 
wachstums. 

2. Ammonium-Konzentrationen: Höhere Ammoniumkonzentrationen 
führen, wie an Fischen nachgewiesen wurde, zu einer irreversiblen 
Schädigung der Blutzellen, des Leberparenchyms und der respiratorischen 
Gewebe. 

Die Wirkung des Ammoniums auf wirbellose Tiere wurden bisher 
seltener untersucht. Versuche mit Daphnia (Gyorz et al. 1982) zeigten 


| jedoch, daß auch hier mit steigenden Konzentrationen Schädigungen der 


respiratorischen Organe zu verzeichnen sind. Ein erstaunlich hochliegendes 
Toleranzlimit (mTL9¢,) von 110 bis 880 mg Ammonium 17! ermittelten 
EpIFANIO & SRNA (1975) für Austern und andere epibenthische bivalve 


| Mollusken. Sublethale Schädigungen (erhebliche Verringerung der Filtrierlei- 


stungen) setzten jedoch bereits bei geringeren Dosen ein (7.2 mg 1''). 
Wie Kınne (1976) ausführte, ist die Ammonium-Toxizität ein universelles 
Problem aquatischer Tiere, welches durch die Belastung aquatischer Systeme 
mit stickstoffreichen Abwässern zunehmend an Bedeutung gewinnt. 
Nach Gray (1983) liegt der Vertrauensbereich von Toxizitätstests 
wahrscheinlich nur bei 1/10 der tatsächlich erhaltenen TCs 9-Werte, da nicht 
nur Synergismus der biogeochemischen Faktoren, sondern auch kurzfristig 


oder längerfristig schwankende physikalische Faktoren (Temperaturen, 
' Salinität) berücksichtigt werden müssen. Unter Zugrundelegung dieses 
| Vertrauensbereiches kommen die im Biotop vorgefundenen NH,*-Konzen- 
| trationen den im Versuch ermittelten toxisch wirkenden Konzentrationen 


sehr nahe. Unsere Vermutung, daß die PO,°-Konzentrationen eine unter- 


' geordnete Rolle spielen, basiert auf der Anwesenheit hoher PO,*-Konzen- 


trationen, die am Standort 1 in Gegenwart dichter Populationen der für die 
Versuche verwendeten Arten gefunden wurden (Abb. 4). 

Beide untersuchten Arten besitzen eine höhere Ammoniumtoleranz im 
pH 7-Bereich. Dieser Bereich ist zwar auch in den Sedimenten des Standortes 
2 vorherrschend. Es liegen aber keine Daten zum Mikromilieu in den 
Gängen und Röhren und zum tageszeitlichen Wechsel der pH-Werte vor. 
Überdies ist das Meerwasser im allgemeinen bei pH 8 gepuffert. 

Wichtig sind die oben erwähnten synergistischen Effekte. Viele Arten des 
Gezeitenbereiches, mit großer Wahrscheinlichkeit nach Pygospio elegans, 
besitzen eine hohe Sauerstoff-Speicherkapazität ihres Hämoglobins. Es fragt 
sich jedoch, ob diese Funktion im aperiodisch überfluteten Farbstreifen- 
Sandwatt in voller Höhe aufrechterhalten werden kann, wenn zusätzlich 
anaerobe Verhältnisse in den Sedimenten herrschen. Möglicherweise kann es 
während der Trockenliegezeiten zum Absinken des Sauerstoff-Partialdruckes 
in den Geweben kommen. Damit wird aber der toxische Effekt des NH; 
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erheblich verstärkt (Kınnz 1976). Außerdem ist das Sediment des Standortes 
2 reich an Schwefelwasserstoff, dessen Affinität zum Eisen die respirato- 
rischen Funktionen des Hämoglobins herabsetzt. Hierdurch wird die Sauer- 
stoff-Sättigung im Gewebe reduziert, und NH; kann schneller eindringen. 
Die in den Versuchen ermittelte Ammonium-Toleranzgrenze der Arten kann 
durch solche synergistischen Effekte erheblich verringert sein. 


4.1.3. Andere Einflüsse 


Die stärkere Entwicklung von Mikrobenmatten kann auch direkt auf 
endobenthisch lebende Tiere wirken, indem der zur Nahrungsaufnahme, zur 
Bewetterung der Wohnbauten, zur Abgabe von Exkreten und Geschlechts- 
produkten notwendige Zugang zur Oberfläche zunehmend abgeschnitten 
wird. 


4.2. Laterale und vertikale Ausprägung der Biolaminitfazies des 
Farbstreifen-Sandwattes 


Der Begriff Fazies ist definiert als das Erscheinungsbild einer bestimmten, 
unter gleichen Bedingungen entstehenden Ablagerung, die im Mineral- 
bestand, Korngrößenbereich und Fossilinhalt ein einheitliches Gesicht 
(Fazies) trägt (GressLy 1838). Mit dem Begriff Biofazies ist die Gesamtheit 
der Lebensspuren im Habitat einer Siedlungsgemeinschaft angesprochen. 

In der horizontalen Verbreitung des Farbstreifen-Sandwattes liegen 
spurenreiche Ablagerungen mit geringer Beeinflussung durch mikrobielle 
Mattensysteme (Biolaminite) und spurenarme Ablagerungen mit hohen 
Biomasseanteilen nebeneinander. Letztere bieten das vom Fossilen her 
vertraute Bild biologisch nahezu ungestört aufwachsender potentieller 
Stromatolithe, deren fossile Beispiele man wohl in Sandsteinkörpern suchen 
darf, die Wechsellagerungen von feinkörnigen und grobkörnigen Partien mit 
oxidischen und sulfidischen Eisenmineralen und wenig eingestreuten Karbo- 
naten aufweisen (z.B. Buntsandstein von Helgoland). 

Der Vergleich der beiden Standorte zeigt, daß je nach Lage und 
Exposition unterschiedliche Mattentypen zur Ausbildung kommen. Der 
jeweilige Mattentyp, seine Produktivität und das von Überflutungen, von 
Windstärke und Windrichtung beeinflußte Sedimentationsgeschehen sind 
für die Menge eingelagerter mikrobieller Biomasse, für die Intensität der 
Abbauprozesse, die Anreicherung und Verweildauer reduzierter Substanzen 
und die Entwicklung aktiver Sulfatreduktionszonen ausschlaggebend. Nach 
Star et al. (1984 b) sind beide Standorte Varianten des gleichen Prinzips 
mikrobieller Einflußnahme auf Bindung und Bildung von Sedimenten, den 
entscheidenden Faktoren für die Entstehung von Farbstreifen-Sandwatten 
und anderen potentiellen Stromatolithen. 


| 
| 
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Die in Wechselwirkung zwischen physikalischen und biologischen 


| Faktoren entstehenden Biolaminite entscheiden über die Zusammensetzung 
| der Faunengemeinschaften und damit über die Qualität und Quantität der 


von diesen in den Ablagerungen hinterlassenen Lebensspuren. Dieser 
Zusammenhang zeigt sich auch in einem Ablagerungsprofil des Überganges 
vom einen zum anderen Standort (Abb. 9). Sobald die Folgen stärkerer 
Mattenbildung durch den Eintrag frischer Sedimente örtlich oder zeitlich 
rückgängig gemacht werden, setzt die Faunenbesiedlung sofort wieder ein. 

Viele Benthosorganismen des Wattenmeeres, insbesondere des Eulitorals, 


‚sind den häufig schwankenden Umweltbedingungen besonders gut 
| gewachsen. Ihre Bandbreite erklärt sich (1) in der Anpassung ihrer Aktivi- 
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Abb. 9. Das Sedimentprofil zeigt (idealisiert), daß am gleichen Ort zeitlich nachein- 


ander und unabhängig von der zunehmenden Höhe Varianten der Biofazies des 


| Farbstreifen-Sandwattes gebildet werden können. Die Ausprägung des Standort 2- 


Typus (spurenarm, mächtigere Biolaminite) kann wieder rückgängig gemacht werden, 
sobald die Matten von mächtigeren Sandschichten überschüttet werden. Die spurenbil- 


| denden Arten (vor allem Pygospio elegans und Corophium arenarium) sind Opportu- 
| nisten, die aufgrund variabler Fortpflanzungszyklen und hoher Vermehrungsraten neu 


sich bildende Sedimente besonders rasch wieder besiedeln können. Der sich in diesem 


| Profil abzeichende reversible Biofazieswechsel ist ein wichtiges Indiz dafür, daß die 
' Verbreitung des spurenbildenden Makrozoobenthos durch mattenbedingte Folgepro- 


zesse und nicht durch physikalische Bedingungen beeinflußt wird. 


The schematic sediment transect indicates that variations of the biofacies within the 
versicolored mats (FSW) can develop sequentially but independent of sediment level 
rises. The typical facies setting of the site-2 type (poor in traces, thick biolaminites) is 
reversible by increased sedimentation rates. Both tested animals are opportunistic 
inasmuch they are capable by variable reproduction cycles and high reproduction rates 
to rapidly recolonize the fresh sediments. The reversibility indicated by the transect 
implies that the trace forming macro-zoobenthos is controlled by mat formation 
dynamics rather than by the ruling physical conditions. 
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täten an die Gezeitenperiodik, (2) durch variable Fortpflanzungszyklen, (3) 
hohe Vermehrungsraten, durch die die Populationen nach katastrophalen 
Bestandsdezimierungen wieder aufgebaut werden können, sobald sich die 
geeigneten Substratbedingungen wieder einstellen. Letzteres zeichnet 
besonders die untersuchten Arten aus (GALLAGHER et al. 1983, DAUER & 
Sımon 1976). 

Alle genannten Eigenschaften zusammen erklären, weshalb die Spuren 
dieser Arten im vertikalen Profil sofort wieder zunehmen, wenn eine 
mächtigere Sedimentschicht aufgelagert wurde. 


4.3. Fauna und Stromatolithe 


Die Ursachen der für Stromatolithe charakteristischen Faunenarmut 
werden nach gängigen Hypothesen - wie eingangs erwähnt - vorrangig von 
kritischen oder limitierenden Bedingungen des physikalischen Raumes 
abgeleitet (lagebedingte Unsicherheit der Überflutung, zeitweilige oder 
dauernde Hypersalinität, hohe Temperaturen). Dieser Interpretation wird 
Priorität eingeräumt, weil auf der Basis rezenter Beobachtungen (GARRETT 
1970) davon ausgegangen wird, daß geologisch erhaltungsfähige mikrobielle 
Systeme sich nur dann bilden konnten und auch heute nur bilden können, 
wenn zuvor der Ausschluß der Bodenfauna und ihrer wühlenden und 
weidenden Aktivitäten eingeleitet wurde. 

Monty (1973, 1979) warnt jedoch davor, Fossilarmut in stromatoli- 
thischen Gesteinen nur einseitig als Folge der physikalischen Situationen zu # 
sehen und Ursachen, die aus der Anreicherung oder Veränderung von # 
Stoffen durch die mikrobielle Aktivität entstehen, zu negieren. | 

Vielfach wird die These vertreten, daß bereits die frühesten Entwicklungs- % 
stadien der Metazoen fähig waren, die laminierten mikrobiellen Systeme 
durch Verwühlung und Beweidung aus den Litoralzonen des ausgehenden 
Präkambriums zu verdrängen (GEBELEIN 1976). Diese These kann durch 
paläontologische Befunde nicht gestützt werden. Nirgends finden sich An- 4 
zeichen, daß Wühlgefüge und Fraßstellen in den Stromatolithen des aus- # 
gehenden Präkambriums häufiger werden (Monty 1973, 1979). Wie so | 
häufig an geologischen Zeitgrenzen, ist auch hier nur der abrupte Wechsel & 
zwischen vorwiegend stromatolithisch beeinflußten Sedimenten und vor- 4 
wiegend faunenbeeinflußten, aber stromatolith-freien Sedimenten doku- % 
mentiert. Bedeutsam scheint in diesem Zusammenhang, daß zwar die 
Mikrobenmatten als Riffbildner durch riffbildende Metazoen in ihrer Be- 
deutung eingeschränkt wurden, ausgedehnte höhengleiche „biostromate“ | 
Biolaminite jedoch keineswegs an Bedeutung abnahmen. Überdies zeigt sich £ 
gegenwärtig mehr und mehr, daß Riffe von Korallen, Bryozoen, Schwammen 
und korallinen Algen oft eng mit Mikrobenmatten vergesellschaftet sind. 

Metazoen, die in Stromatolithen vorkommen oder ihre Spuren in ihnen 
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essen, müssen spezielle morphologische und physiologische Anpas- 
sungen an solche Substrate besitzen. Da die Frühformen der Metazoenent- 
‚wicklung generell wenig adaptatierte Organismen waren, ist es nach Monty 
11973, 1979) möglich, daß ihre Entwicklung und Verbreitung erst stattfinden 
konnte, nachdem - möglicherweise aus klimatischen Gründen - die mikro- 
iellen Systeme am Ende des Präkambriums einen Rückgang erfuhren. 
Fossilarme Stromatolithe jüngerer Formationen, die im geologischen 
Aufschluß zutage treten, können möglicherweise stets das ausgereifte, hoch 
produktive und mit reduzierten Substanzen beladene Stadium der biogenen 
aminitfazies dokumentieren, in dem ein Faunenwechsel sich bereits 
vollzogen hat. Das Beispiel Farbstreifen-Sandwatt zeigt, daß es sich lohnen 
IE; den Blick auch auf laterale Bereiche zu richten, deren Laminierung 
nicht so charakteristisch ausgeprägt ist. 
Darüber hinaus ist aber auch der nahezu vollzogene Ausschluß mariner 
Benthosgemeinschaften durch physikalische Umweltbedingungen möglich. 
1 sind die Sabkhas und Lagunen der Sinai-Küste (Conzn et al. 1977; 
“Krumseın et al. 1977, 1979; FRIEDMAN & KRUMBEIN 1985), in denen poten- 
|tielle Stromatolithe in Salzkonzentrationen bis 300 °/oo gedeihen können. 
ese Systeme sind zudem durch Strandbarren vollständig vom benach- 
barten Gezeitenbereich abgetrennt. In diesen Fällen ist es naheliegend, daß 
imarine Tiere, selbst wenn sie aktiv oder passiv (bei höheren Flutstanden) die 
Barren überwinden, der physiologischen Schranke der hohen Salzgehalte 
izum Opfer fallen (Por 1980, GerDes et al. 1985 c). Auch hier bietet sich das 
tvon fossilen Stromatolithen her vertraute Bild biologisch nahezu ungestört 
4aufwachsender laminierter mikrobieller Mattensysteme, die nur noch einige 
Insekten und eine etwas diversere Meiofauna beherbergen. 
\ Einer der Unterschiede der dort in Entstehung begriffenen evaporitischen 
'Stromatolithe zum Farbstreifen-Sandwatt liegt darin, daß ihr Substanzgewinn 
überwiegend aus mikrobiologischen Aktivitäten (Biomasseproduktion und 
| biologische Mineralfällung) stammt, während im Farbstreifen-Sandwatt der 
allochthone Sedimenteintrag überwiegt, auch wenn der biologische 
Substanzgewinn hohe Werte erreichen kann (siehe Chlorophyllkonzen- 
tration als Indikatoren für die Biomasseproduktion). 

Ein weiterer Unterschied liegt darin, daß beim Farbstreifen-Sandwatt der 
Zugang vom Eulitoral her offen ist. Zwar herrschen hier aufgrund der hohen 
Lage ebenfalls extremere Verdunstung oder auch Aussüßung, dies kann 
jedoch - wie gezeigt wurde - von einigen Arten des Eulitorals ertragen 
werden. 

Das hier dargestellte Beispiel, in dem marine Evertebraten den Weg zum 
Bildungsbereich potentieller Stromatolithe offen finden, zeigt deutlicher als 
die oben genannten subtropischen Systeme, daß im Zusammenhang mit der 
Mattenbildung physiologisch-ökologische Barrieren entstehen, durch die die 
Fauna örtlich oder auf Zeit ausgeschlossen werden kann. Aus diesen Über- 
legungen können folgende Schlußfolgerungen gezogen werden: 
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(1) Aktualistische Beobachtungen können - unter Berücksichtigung der 
jeweiligen physikalischen, chemischen und biologischen Besonderheiten des 
Ablagerungsraumes - das Wissen um die Vielfalt der Möglichkeiten 
erweitern, unter denen Mikrobenmatten und durch sie geprägte Systeme und 
Faunengemeinschaften aufeinanderstoßen, sich gegenseitig ausschließen oder 
kooperativ miteinander leben. Generelle Schlüsse, daß beispielsweise 
Uisachen der Fossilarmut in Stromatolithen stets mit der noch nicht 
erfolgten Entwicklung (Präkambrium) oder mit dem Ausschluß der Tiere 
durch sogenannte „extreme Verhältnisse“ (Phanerozoikum) zusammen- 
hängen, können auf der Basis dieses Wissens überprüft werden. Weiterhin 
zeigen solche Untersuchungen sehr deutlich, daß „Organismen keine 
Sklaven ihrer physikalischen Umwelt“ sein müssen (Opum 1980). In den 
meisten „Extrembiotopen“ finden sich Arten zu Siedlungsgemeinschaften 
zusammen, deren Optima und Toleranzgrenzen den örtlichen Bedingungen 
angepaßt sind. 

(2) Die Suche nach silikoklastischen Stromatolithen oder stromatoli- 
thischen Systemen in verschiedenen Epochen und Formationen der Erdge- 
schichte könnte sich lohnen und kann aufgrund von Untersuchungen an 
rezenten vergleichbaren Faziestypen gezielter durchgeführt werden. 

(3) Es scheint insbesondere lohnend, den planaren Stromatolithen 
(„Biostromtyp“) auch feinkörnigerer Sedimente (beispielsweise Tonsteine) 
Aufmerksamkeit zu widmen, da bisher vorwiegend die domalen Stromato- 
lithe untersucht wurden, die mehr dem „Bioherm“- oder Rifftyp entsprechen. 


Summary 


This paper deals with microbial mat formation in siliciclastic potential stromato- 
lites. The texture, composition and degradation products of the microbial mats are 
observed to control the abundance of burrowing animals. In the sheltered parts of the 
versicoloured sandy tidal flats (Farbstreifen-Sandwatt) of Mellum (Southern North 
Sea), microbial mats are dominantly formed by Microcoleus chthonoplastes. These mats 
become continuously embedded with sand at a low rate of sedimentation. Anaerobic 
conditions exist under the mat surface, where ammonia and sulfide concentrations are 
relatively high. As a result, the population of burrowing marine animals is low. In the 
less sheltered areas of the tidal flats, aerobic conditions prevail and different species of 
Oscillatoria form the mat. In such areas, sedimentation rates are high. (1) A decreased 
concentration of degradation products of the mats in the sediments and (2) an 
increased population of burrowing animals is observed. 

Laboratory experiments with burrowing organisms from the Mellum tidal flats 
showed that animals of typical species (Corophium arenarium) when placed in 
sediments of low oxygen content died very soon. Ammonia had lethal influences only 
at concentrations higher than usually occurring in the field and at relatively high pH- 
values (pH 8). The decrease of burrowing animals in the field thus can be due to syner- 
gistic influences of increasing nutrient concentration, high sulfide and decreasing 
oxygen contents. 
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It is suggested that the scarcity of remains of burrowing and grazing marine inverte- 
brates in phanerozoic stromatolites could be due to the synergistic action of anaerobic 
conditions and high amounts of nutrients concentrated in sediments during the degra- 
dation of the microbial mats rather than by exclusion through temperature or salinity 
jor other single factors. 
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“ammonites from Ardennes, Aube and Yonne, eastern Paris Basin (France). - N. Jb. 
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| Abstract: New collections from the late Cenomanian and Turonian chalks of 
Ardennes, Aube and Yonne in the eastern Paris Basin include stratigraphically 
important ammonites of the Metoicoceras geslinianum Zone (Upper Cenomanian), of 
| the Neocardioceras juddii Zone (Upper Cenomanian) and from successive horizons in 
| the Turonian. Cibolaites cf. molenaari Coppan & Hook, 1983 and Tropitoides obesus 
(StoLiczkA, 1863), from the juddii and neptuni Zones respectively, are recorded for the 
| first time from western Europe, while specimens of Collignoniceras woollgari (MANTELL, 
| 1822) are shown for the first time to co-occur, successively, with both R. (R.) 
| deverianum and Subprionocyclus neptuni (Geinıtz, 1850). 


‘Key words: Ammonoidea, Cenomanian-Turonian; Paris Basin. 


Zusammenfassung: Neue Aufsammlungen aus den Kreidekalken des oberen 
 Cenomans und des Turons im östlichen Pariser Becken (Ardennen, Aube, Yonne) 
umfassen stratigraphisch wichtige Ammoniten der Metoicoceras geslinianum-Zone 
| (oberes Cenoman), der Neocardiceras juddii-Zone (oberes Cenoman) und der nachfol- 
genden Horizonte des Turons. Cibolaites cf. molenaari CoBBAN & Hook, 1983 und 
| Tropidoides obesus (StoLiczka, 1863) von der juddii-resp. der neptuni-Zone werden zum 
ersten Mal aus Westeuropa erwähnt. Ebenso ist neu, daß Vertreter von Collignoni- 
ceras woolgari (MANTELL, 1822) gleichzeitig sowohl mit Romaniceras (Romaniceras) 
deverianum (D’Orsıcny, 1841) als auch mit Subprinocyclus neptuni (Geinitz, 1850) 


vorkommen. 


Introduction 


Recent field work on the cliffs of the Channel coast of both England and 
France have provided the basis for a refined scheme of ammonite zonation 
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of the late Cenomanian and Turonian (e. g. AMEDRO et al. (1978), AMEDRO, 
BapILLet & DEVALQUE (1983); KENNEDY (1984); ROBASZYNSKI & AMEDRO (eds) 
(1980) Kennepy, WRIGHT & Hancock (1983), WRIGHT & KENNEDY (1981)), 
elements of which can be recognised throughout much of western Europe. 
The extensive chalk outcrops of the eastern Paris basin have yielded little in 
the way of ammonite records, although there are passing references to 
“Ammonites peramplus” and “A. woollgari” from the Inoceramus labiatus 
Zone of the Yonne in Lampert (1882) and “Scaphites geinitzi” from the 
Micraster breviporus Zone (= Sternotaxis planus Zone) of the Ardennes, Aube 
and Yonne in Barroıs (1875, 1878), LAMBERT (1882) and Peron (1887) while 
BARROIS & GUERNE (1878) described a number of minute pyritic forms. More 
recently, AMEDRO, COoLLET£, PIETRESSON DE SAINT AUBIN & ROBASZYNSKI 
(1982) described a number of examples of Romaniceras (Romaniceras) 
deverianum (D’OrsicNy, 1841) from the upper part of the „Terebratulina 
gracilis” Zone of authors in the environs of Troyes (Aube) and also drew 
attention to the presence of a diverse Upper Turonian Subprionocylus neptuni 
Zone fauna at the base of the Micraster breviporus Zone of Barroıs (1878) in 
the same region, recording Scaphites sp., Metaptychoceras smithi (Woops 
1896), Sciponoceras group of bohemicum (Fritsch, 1872), Didymoceras cf. 
saxonicum (SCHLÜTER, 1875), Lewesiceras mantelli WRIGHT & WRIGHT, 1951, 
Collignoniceras woollgari (MANTELL, 1822) and Subprionocyclus neptuni 
(Geinitz, 1850), S. bitchinensis (BILLINGHURST, 1927) and S. branneri 
(ANDERSON, 1902) the assemblage closely recalling that of the English Chalk 
Rock (WricHt 1979). 

Subsequent work has revealed the presence of several additional taxa in 
this assemblage, including Sciponoceras sp. and Tropitoides obesus (STOLICZKA, 
1863) as well as the first evidence for the Upper Cenomanian Neocardioceras 
Juddii Zone with Neocardioceras juddii juddii (BARROIS & GUERNE, 1878), N. 
Juddii barroist (WRIGHT & KENNEDY, 1981), Thomelites serotinus WRIGHT & 
KENNEDY, 1981, Cibolaites cf. molenaari CosBan & Hook, 1983 (first 
published record of the genus outside the United States Western Interior), 
Hamites cf. simplex D’ORrsıcny, 1842, Puebloites cf. spiralis CoBBAN & SCOTT, 
1972, Sciponoceras bohemicum anterius WRIGHT & KENNEDY, 1981 and 
Scaphites equalis J. SOowERBY, 1813. The previously unrecognised Lower 
Turonian Watinoceras coloradoense Zone is recognised on the basis of the 
presence of Watinoceras coloradoense praecursor WRIGHT & KENNEDY, 1981. 
All these new records are described in the systematic part of the paper below, 
where we also illustrate and comment on two rare ammonites from the 
Barroıs Collection, housed in the Musée GosseL£r at Lille, the holotype of 
Benueites corneti BARROIS & GUERNE, 1978) and the earliest described 
specimen of Romaniceras (Romaniceras) deverianum (D’ORBIGNY, 1841) from 
the “Terebratulina gracilis” Zone of Montholon (Yonne). A specimen of 
Benueites cf. reymenti COLLIGNoN, 1967 from the “Inoceramus labiatus Zone” 
of Lavau (Aube) provides the second record of the genus from western 
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‚Europe. A specimen of Tropitoides obesus (StoLıczkA, 1863) from the 
Subprionocyclus neptuni Zone of Bucey-en-Othe (Aube) is the first record of 
this genus from Europe. Two specimens of Collignoniceras woollgari 
(Manrteıı, 1822) from the same horizon at Le Hamelet (Aube) are the 
| youngest known specimens of this index species in Europe. 

Figure 1 shows the localities mentioned in the text, while Figure 2 shows 
the lithological divisions currently in use in the Troyes region that is the 
source of most of the material described in the present account. This is based 
on the work of Barroıs (1875, 1878), PErRoN (1887) and PıETRESsON DE SAINT- 
Ausın (1943), although we expect work in progress to lead to a more 
detailed lithostratigraphic sequence than that currently recognised. 


Repositories of specimens 


iS = Co.eté Collection, Sainte-Savine 

F = Fricot Collection, Esclavolles-Lurey. 

H = Association Géologique Auboise Collection, Troyes. 
JPS = PIETRESSON DE SAInT-Augin Collection, Bar-sur-Seine. 
OUM = University Museum, Oxford, Geological Collections 
CH = CHaumarD Collection, Romilly-sur-Seine 
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Fig. la. Outline map of the Paris Basin showing the more important localities 
mentioned in the text. 
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Fig. 1b. Localities in the Troyes region mentioned in the text. 


Systematic Palaeontology 
Order Ammonoidea ZITTEL, 1884 
Suborder Ammonitina Hyatt, 1889 
Superfamily Haplocerataceae ZiTTEL, 1884 
Family Oppeliidae Bonareııı, 1894 
Subfamily Aconeceratinae Spatu, 1923 
Genus Tropitoides Spatu, 1925b 


Type species: By original designation: Ammonites obesus StoLiczka, 1863 p. 55, 
PS 


Diagnosis: Medium-sized, involute, compressed, high-whorled with fastigiate- 
carinate venter. Flanks ornamented by weak, flexuous prorsiradiate ribs, markedly 
concave on outer flank, strongly projected forwards to feeble ventral clavi. Suture with 
narrow lobes and saddles. L/U2 almost as large as, and taller than E/L. 


Discussion: The affinities of Ammonites obesus have presented conside- 
rable problems. StoLıczka placed it in the Cristati, between Ammonites 
subtricarinatus and Ootatoorensis (that is to say Peroniceras and Hysteroceras) 
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STAGES Lithostratigraphic units 
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Fig. 2. Classic zones and lithological divisions in a part of the chalk of the Troyes 
region (after Barroıs 1878, PERON 1887 and PıETREsson DE Saint-AuBIN 1943). 


soft, white chalk 


and compared it to D’Orsıcnys Ammonites goupilianus (type species of 
Prohauericeras Nowak, 1913). Kossmar regarded it as lying between Sonne- 
ratia BAYLE, 1878 and Schloenbachia NEUMAYR, 1875 while Nowak (1913) 
linked it with Ammonites goupilianus D’ORBıGny, 1841 in his genus Prohaue- 
riceras Nowak, 1913. SpatH (1925 b p. 102) made it type species of Tropi- 
toides SpATH, 1925 b, without commenting on its affinities, while WRIGHT 
referred it successively to Forbesiceratinae (1952) and Schloenbachiidae 
(1957). KENNEDY, CHAHIDA & Djararıan (1979 p. 28) suggested that the 
family Schloenbachiidae was a polyphyletic assemblage of keeled Cenoma- 
nian-Turonian forms, and subsequent work has confirmed this, showing 
Euhystrichoceras SPATH, 1923 and Algericeras Spatu, 1925 a (= Prionocycloides 
SpaTH, 1925 a) to be Mortoniceratinae, Pseudacompsoceras SPATH, 1925 a to be 
a synonym of Acompsoceras Hyatt, 1903 of Acanthoceratinae and Prohaueri- 
ceras Nowak, 1913 to belong to Acanthoceratinae. WricuTt (1981 p. 164) 
finally suggested that Tropitoides “might be a relict Oppeliid”, that is a 
member of the Haplocerataceae, on the basis of the suture line. Kossmat’s 
illustrations (1895 pl. 22 (8) figs. 3c, 3d) show a distinctive pattern with a 
series of narrow saddles and lobes, with L/U; taller than E/L, and several 
auxiliaries. This is strikingly similar to Cretaceous Haplocerataceae, in parti- 
cular the Oppeliidae (see illustrations in ARKELL, KuMMEL & WRIGHT, 1957). 
The oxycone form is one that typifies the Aconeceratinae, where similar 
sutural patterns are shown by Aconeceras Hyatt, 1903, Sanmartinoceras 
BonareELli, 1921 and Gyaloceras WHITEHOUSE, 1927 (see e. g. illustrations in 


Casey 1961). 


198 W. J. Kennedy, F. Amédro and C. Collete 


Occurrence: Ammonites obesus is described as coming from “N. E. of 
Odium” (Srorıczka 1863 p. 56). Most subsequent authors regard it as 
Cenomanian, although the only other ammonites STOLICZKA records from N. 
E. of Odium are Neoptychites cephalotus (CouRTILLER, 1860) (= Ammonites 
xetra StoLiczkA, 1865 (p. 125) and Ammonites telinga StToLiczKa, 1865 
(p. 125)) and Pachydesmoceras denisonianum (STOLICzKA, 1865) (p. 134). These 
are Turonian species, with the former suggesting a top Lower or Middle 
Turonian horizon. The French specimen described below is from low in the 
Upper Turonian Subprionocyclus neptuni Zone. 


Tropitoides obesus (StoLiczKa, 1863) 
Fig. 5 a-d 


1863 Ammonites obesus StoLIczKA, p. 55, pl. 32, fig. 1. 
1895 Sonneratia obesa SToLiczKA sp.; KossMAT, p. 182 (86), pl. 22 (8), fig. 3. 
1913 Ammonites obesus STOLICZKA; NOWAK, p. 369. 
non 1920 Sonneratia BAYLE nov. spec. TAUBENHAUS ex aff obesa STOL.; TAUBENHAUS, 
15 Ao jb oh ihe, 3. 
1925b Sonneratia obesa (STOLICZKA) KossMAT; SPATH, p. 102. 
1957  Tropitoides obesus (SToLiczKA); WRIGHT, p. L401, fig. 519, 1. 


Material: C14, from the lower part of the Craie ä Micraster breviporus, Upper 
Turonian, Subprionocyclus neptuni Zone of Bucey-en-Othe (Aube). 


Dimensions: D Wb Wh Wb:Wh U 
at 34.5(100) 9.7 (28.1) 1820628, 080655 Br 


Description: Coiling is very involute with a tiny umbilicus. The whorl 
section is compressed, with a whorl breadth to height ratio of 0.53 (approxi- 
mately). The greatest breadth is just outside the umbilical shoulder, the inner 
flanks are rounded, the mid-outer flanks flattened and convergent, the venter 
fastigiate with angular shoulders and a rounded siphonal keel, flanked by 
distinct sulci. Ornament consists of numerous flexuous prorsiradiate ribs. 
These are mere lirae on the inner flank, but strengthen and are markedly 
prorsiradiate on the mid-outer flank where they are concave, projecting 
strongly forwards to small ventral clavi, of which there are an estimated 55 
on the outer whorl. A distinct if faint groove separates these from the blunt 
siphonal keel. This is slightly irregular, being crossed by growth striae and 
low undulations, but is not serrate. 

The sutures are not visible. 

Discussion: The French specimen resembles the larger specimen 
figured by Kossmar (1895 pl. 22 (8) fig. 3) in every respect of proportions 
and ornament, and in turn is linked by this specimen to the much larger 
holotype. This is just over 120 mm in diameter, and to judge from a cast 
before us (OUM P KY 1007), is rather poorly preserved, although flexuous 
ribs and clavi are visible at several points. Over most of the cast the keel is 
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blunt, as in the present specimen and Kossmar’s mould. At one point, 
however, there is a much stronger keel, where shell is present, as in other 
| Aconeceratidae. 

Occurrence: As for genus and material. 


Superfamily Acanthocerataceae DE GRossoUVRE, 1894 
Family Acanthoceratidae DE Grossouvre, 1894 
Subfamily Acanthoceratinae DE GRossoUVRE, 1894 
Genus Neocardioceras SPATH, 1926 a 


Type species: By original designation: Ammonites juddii BARROIS & GUERNE, 1878 
p. 46, pl. 1, figs. 1, 2, from the Upper Cenomanian marls of Novy Chevriéres, 


| Ardennes. 


Neocardioceras juddii juddii (BARROIS & GUERNE, 1878) 
Fig. 5m, p 


1878 Ammonites juddii BARROIS & GUERNE, p. 46, pl. 1, figs. 1, 2. 
1981 Neocardioceras juddii (BARROIS & GUERNE); WRIGHT & KENNEDY, p. 50, pl. 9, 
figs. 1-3, 5-11; text-figs. 17, 1, 2; 19h, i (with full synonymy). 


1981  Neocardioceras juddii (BARROIS & GUERNE); Hook & Cospran, pl. 1, figs. 6-8. 


Material: We have two specimens referable to this subspecies, recently revised by 
WRIGHT & KENNEDY (1981). Both are from the base of the Craie Noduleuse of Bouilly 
(Aube). Example C 6 (Figure 5p) is a well-preserved composite internal mould of an 


individual 12 mm in diameter. F2 is an external mould of a much larger 


individual (Fig. 5 m). 


Discussion: Both specimens show an ornament of narrow flexuous ribs 


arising in irregular groups from small umbilical tubercles, with well- 
| developed ventral and siphonal clavi associated with all the ribs. Both 


| Fig. 3a, b. Collignoniceras woollgari (MANTELL, 1822), Hl from Le Hamelet, Aube. c, d 


Euomphaloceras septemseriatum (CRaGIN, 1893) C50, from St.-Parres-aux-Tertres, Aube; 
e, f Romaniceras (Romaniceras) deverianum (D’OrBıcny, 1841) unregistered ex BARROIS 
Collection, Musée Gosseret, Lille from Montholon (Yonne). 

All figures are natural size. 


Fig. 4.a, b, c, d, n. Sciponoceras bohemicum anterius WRIGHT & Kennepy, 1981. 
a, b, C21; c, d, C20, both from St-Parres-aux-Tertres (Aube); n is C4, from Echenilly 
(Aube); Dr. J. Sornay identifies the associated /noceramus as I. pictus bannewitzensis 
TRÖGER. e, f Sciponoceras sp. C16, from Bucey-en-Othe (Aube). g Hamites cf. simplex 
D’Orsıcny, 1842 from Bouilly (Aube). h, i, j, m Puebloites cf. spiralis CoBBAN & Scott, 
1972 h is C10, i is C11, j is C12, m is C13, all from Bouilly (Aube). k, | Scaphites equalis 
J. Sowersy, 1813, F1 from Bouilly (Aube). o Collignoniceras woollgarı (MANTELL, 1822) 
H2 from Clos du Hamelet, Saint-Savine (Aube). 

All figures are natural size. 
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Fig. 3 (Leg. see p. 199) 


Late Cenomanian and Turonian ammonites from Ardennes 201 


Fig. 4 (Leg. see p. 199) 
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Fig. 5 (Leg. see p- 203) 
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pecimens find a precise match in specimens figured recently by Wrıicut & 
KENNEDY (1981) and Hook & CosBan (1981) (see synonymy for details). 


Occurrence: Neocardioceras juddii Zone, Bouilly (Aube). Also known 
irom the same horizon at Novy Chevriéres (Ardennes), St. Calais (Sarthe) 
ind Seine-Maritime in France, Devon in England, the Germanies, Czechos- 
ovakia, and Texas, New Mexico and Montana in the U.S.A. 


Neocardioceras juddii barroisi WRIGHT & KENNEDY, 1981 
not figured 


1981 Neocardioceras juddii barroisi WRIGHT & KENNEDY, p. 50, pl. 8, fig. 1; pl. 9, figs. 
|, 12-20; text-figs. 19), 1. 


Discussion: A fragment from the base of the Craie Noduleuse of 
Bouilly (Aube) compares well with Neocardioceras juddii barroisi in both 
whorl section and coarseness of ribs. The subspecies appears to be restricted 
:o the Neocardioceras juddii Zone and is also known from Devon, England. 


Genus Watinoceras WARREN, 1930 


| 


| Type species: By original designation: Watinoceras reesidei WARREN, 1930, p. 67, 
bl. 3, fig. 2; pl. 4, figs. 9-12, from the Lower Turonian of Alberta, Canada. 


Watinoceras coloradoense praecursor WRIGHT & KENNEDY, 1981 


Fig. 5g, h 


[| 


1981 Watinoceras coloradoense praecursor WRIGHT & KENNEDY, p. 53, pl. 10, figs. 4, 8, 
Pett, 15, 17, 18: text-fig. 19'g, k. 


Discussion: A single specimen, C3 is referred to this form. It 1s 
somewhat crushed, and only 23.5 mm in diameter. Umbilical bullae give rise 
to pairs of prorsiradiate straight primary ribs, while shorter rıbs intercalate on 
| he flank. All ribs bear rounded inner and clavate outer ventrolateral 
| ubercles. The latter are linked across the venter by a feeble, broad nb. 


|Fig. 5. a-d Tropitoides obesus (Stouiczka, 1863) C14, from Bucey-en-Othe (Aube). e, f 
Thomelites serotinus WRIGHT & KENNEDY, 1981 C5 from St-Parres-aux-Tertres (Aube). g, 
h Watinoceras coloradoense praecursor WRIGHT & KENNEDY, 1981, C3 from La-Riviére- 
de-Corps, Troyes (Aube). i-I Cibolaites cf. molenaari Coppan & Hook, 1983, CHAUMARD 
Collection no. CH2 from La Gendarmerie, Troyes (Aube). m, p Neocardioceras juddu 
inddii (BARROIS & GUERNE, 1878), m is F2, p is C6, both from Bouilly (Aube). n is 
Benueites cf. reymenti COLLIGNON, 1967, JPS3 from Lavau (Aube); 0 Collignoniceras 
woollgari (MaNTELL, 1822), JPS2 from the Carriere des Champs-Dey near Troyes 
(Aube). 


All figures are natural size. 
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This specimen is much better-preserved than the English type material, 
comparing well with specimens such as the paratype from Humble Point 
Devon, figured by Wricht & Kennepy 1981, pl. 10, fig. 4. 

Occurrence: Watinoceras coloradoense Zone, lower part of Crate 
Noduleuse, La Riviére-de-Corps, Troyes (Aube). The types are from the 
Devon coast, England. 


Genus Benueites REyMENT, 1954 


Type species: By original designation: Benneites benueensis REYMENT, 1954 p. 158 
lb sh Wks Ile ia, 2 


Fig. 6. Benueites corneti (BARROIS & GUERNE, 1878) the holotype, an unregistere« 
specimen in the Musée Gossett, Lille, from Chaumont-Porcien (Ardennes). Magnifiec 
X 4. 


Benueites corneti (BARROIS & GUERNE, 1878) 
Fig. 6 


1878 Ammonites corneti BARROIS & GUERNE, p. 50, pl. 1, figs. 5 a-c. 
1981 Benuertes corneti (BARROIS & GUERNE, 1878); WRIGHT & KENNEDY, p. 43, text-fig 
17, 5a-c (copy of Barroıs & GUERNE 1878). 


Holotype: By monotypy, the original of Barrots & GuUERNE 1878, p. 50, pl. 1, fig: 
5a-c from the “Dieves” 4 Terebratulina gracilis of Chaumont-Porcien (Ardennes), a 
unregistered specimen in the Musée GosseL£r, Lille. 


Dimensions: D Wb Wh Wb:Wh U 
5.5 (100) 1.8 (32.7) 2.6 (47.0) 0.69 1.6 (29.0) 


Description: The specimen is a minute limonitic cast. Coiling i 
moderately evolute, the umbilicus comprising 29% of the diameter, shalloy 
and with a low rounded umbilical wall. The whorls are slowly expanding 
compressed (whorl breadth to height ratio 0.69 approximately) with th 
greatest breadth below mid-flank. The inner flanks are rounded, the mic 
flank area flattened, the outer flanks convergent. The ventrolateral shouldeı 
are narrowly rounded, with a tabulate venter. The early part of the out 
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| 
i 


Whorl is virtually smooth. Definite ribs appear 270° from the aperture and 
here is a total of 25-30 on the last half whorl. These are at first mere low 
Holds on the flank, but eventually strengthen and develop distinct ventral 
lavi, with most ribs restricted to the outer flank and only occasional strong 
/brimaries extending to the umbilicus. 

|| The clavi on either side of the venter alternate, with a faint riblet 
Hxtending to the mid-ventral line, producing a chevron pattern. 

The sutures are indecipherable. 

|| Discussion: This tiny specimen shows the same style of ornament as 
Winely-ribbed Benueites such as the type species, B. benueensis REyMENT, 1954 
| \see especially the fine illustrations in Reyvment 1971). Until now this genus 
inas been known only from Cameroon, Nigeria, Morocco, Trinidad, 
Venezuela, Colombia and NE Brasil. The type specimen of B. corneti is so 
mall that it is not possible to make useful detailed comparisons with other 
H pecies. 


Occurrence: As for type. 


Benueites cf. reymenti COLLIGNON, 1967 


Fig. 5n 


1967 Benueites reymenti COLLIGNON, p. 38, pl. 20, figs. 8, 9. 
11971  Benuettes reymenti CoLLiGnon; REYMENT, p. 10, pl. 8, figs. 1-4. 
1982  Benueites reymenti Renz, p. 92, pl. 28, figs. 15-21; text-figs. 70b, d-e. 


Material: JPS3, from the top of the /noceramus labiatus Zone of Lavau, near 
(Troyes (Aube). 


Description: The specimen is a fragment only, with a maximum 
#preserved whorl height of 13.5 mm. Slightly flexuous primary ribs arise at 
ithe umbilical seam, while occasional short intercalated ribs arise high on the 
‘flank. All ribs bear a feeble clavate inner ventrolateral tubercle, from which 
‘ribs sweep forwards to a more markedly clavate outer ventrolateral. The ribs 
isweep strongly forwards from these, declining in strength towards the 
Isiphonal line at the larger end of the fragment. Ribs and tubercles weaken 
and crowd towards the end of the fragment, which seems to be part of an 
adult body chamber. 

| Discussion: The ribbing style and tuberculation of this fragment 
Hclosely resemble those of the holotype of Benueites reymenti COLLIGNON, 
11967 (pl. 20, fig. 8) and well-preserved specimens from Venezuela illustrated 
| by Renz (1982 pl. 28, figs. 15-21), in particular the adult specimen shown ın 
| his pl. 28 fig. 16a-b. In view of the poor preservation of our fragment we 
can do no more than compare it with B. reymenti. 


Occurrence: Upper Lower Turonian of Aube, France, Morocco, 
\Trinidad and Venezuela. 
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Subfamily Acanthoceratinae DE GROSSOUVRE, 1894 


p 


Genus Thomelites WRIGHT & KENNEDY, 1973 | 


Type species: By original designation: Jeanrogericeras sornayi THOMEL, 1966 p.: 
431, pl. 11, figs. 1-3. | 


Thomelites serotinus WRIGHT & KENNEDY, 1981 | 
Fig. 5e, f 


1978 Watinoceras coloradoense HENDERSON; KENNEDY & Hancock, pl. 15, fig. 4. 
1981 Thomelites serotinus WRIGHT & KENNEDY, p. 40, pl. 8, figs. 7, 9-16; pl. 10, 
fiom OV etext-ifeSam 9 mo: 


Material: C5, a fragment from 90 cm above the base of the Craie noduleuse of 
Saint-Parres-aux-Tertres (Aube). 


Description: The fragment has a maximum whorl height of 16 mm. 
The whorl section is compressed, with convergent flanks, rounded shoulders 
and a broad, flattened venter. Primary rıbs bear inner and outer ventrolateral 
clavi, scarcely separable at the end of the fragment, where they merge into 
the strengthened termination of the rib. The ribs are effaced over the 
siphonal line which appears to have borne a slight ridge, although poor 
preservation precludes the recognition of siphonal clavi. 

Occurrence: T. serotinus is restricted to the Neocardioceras juddii Zone 
of the Upper Cenomanian and was previously known only from the Neocar- 
dioceras Pebble Bed at the base of the Middle Chalk on the Devon Coast 
and inland. 


Subfamily Euomphaloceratinae Cooper, 1978 
Genus Euomphaloceras SPATH, 1923 


Type species: By monotypy: Ammonites euomphalus SHARPE, 1855 p. 31, pl. 13, 
fig. 4. 


Euomphaloceras septemseriatum (Cracın, 1893) 


Fig. 3c, d 

1893  Scaphites septem-seriatus Cracin, p. 240. 

1981  Euomphaloceras septemseriatum (Cracın, 1893); WRIGHT & KENNEDY POS pe 
12, figs. 1-8; pl. 13, figs. 1-6; pl. 14, figs. 5-9 (with synonymy). 

1981  Euomphaloceras septemseriatum (Cracın, 1893); KENNEDY & JUIGNET, p. 38, figs. 
9b-d (with synonymy). 

1984 Euomphaloceras septemseriatum (Cracın, 1893); KENNEDY, AMEDRO, BADILLET, 
Hancock & WRIGHT, p. 36, fig. 3k, 1. 


Material: C50 from 40 cm above the top of the Plenus Marls, St. Parres-aux- 
Tertres (Aube). 


Late Cenomanian and Turonian ammonites from Ardennes 207 


Discussion: The fragment is highly deformed but shows primary ribs 
and striae on the umbilical wall, strong umbilical spines (all broken), effaced 
flank ribs, strong inner ventrolateral tubercles, weaker, more numerous, 
irregularly-developed outer ventrolateral tubercles linked by a feeble ridge 
and a coarse siphonal keel bearing numerous tubercles. It closely resembles 
specimens from the Plenus Marls of southern England (e. g. Wricut & 
|IKennepy 1981, pl. 13, fig. 2.). 
| Occurrence: This species occurs in the upper part of the Upper 
Cenomanian Metoicoceras geslinianum Zone and its correlatives. In western 
Europe it is generally restricted to the upper part of the Plenus Marls, but 
‚sometimes occurrs at the base of the succeeding nodular chalks in south- 
eastern England (Wricut & Kennepy 1981) and in Aube (the present occur- 
tence). These latter occurrences may indicate the extension of the species 
range above the geslinianum Zone. Its geographic range extends from western 
‘Europe to Nigeria, Angola, Japan, Mexico, and Texas, Colorado, Arizona, 
Montana, Kansas, Utah and California in the U.S.A. 


Genus Romaniceras SPATH, 1923 
Subgenus Romaniceras SPATH, 1923 


Type species: By original designation: Ammonites deverianus D’OrBıcny, 1841 p. 
306, pls 110," fies. 1, 2. 


Romaniceras (Romaniceras) deverianum (D’ORrsıcny, 1841) 


| Fig. 3e, f 

(1841 Ammonites deverianus D’ORBIGNny, p. 356, pl. 110, figs. 1, 2. 

‚1857 Ammonites deverianus D’ORBIGNY; SHARPE, p. 43, pl. 19, fig. 5. 

‚1980 Romaniceras (Romaniceras) deverianum (D’ORBIGNY); KENNEDY, WRIGHT & 

| Hancock, p. 332, pl. 39, figs. 7-10; pl. 41, figs. 1-6; pl. 42, figs. 1-7; pl. 43, figs. 
1-3; text-figs. 3d, 4, 5. 

1981  Romaniceras (Romaniceras) deverianum (D’ORBIGNY); WRIGHT & KENNEDY, Pp. 
58, pl. 15, figs. 3, 5; pl. 43, figs. 1-3; text-fig. 19f. (with full synonymy). 

| 1982 Romaniceras (Romaniceras) deverianum (D’Orsıcny); AM£DRO, COLLETE, 

PIETRESSON DE SAINT-AUBIN & RoBaszynskı, p. 30, pl. 1, fig. 1. 


Material: An unregistered specimen in the Barros Collection, preserved in the 
Musée Gossetet, Lille, from the Craie 4 Terebratulina gracilis of Montholon (Yonne). 


Description: The fragment is wholly septate, with a maximum 
| preserved whorl height of 37 mm and an estimated diameter of 100 mm. The 
whorls are slightly depressed (whorl breadth to height ratio of 1.05), with a 
polygonal section, the maximum breadth just below mid-flank. On the third 
of a whorl preserved there are 12 ribs, each bearing umbilical, lateral, inner 
and outer ventrolateral and siphonal tubercles. 

Discussion: Although fragmentary, the specimen is of some interest as 
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the first specimen of R. (R.) deverianum described from the chalks of the 
Paris Basin, by Barroıs (1875). The polygonal section, straight ribs and 
rounded tubercles are typical of R. (R.) deverianum, especially the example 
from the English Chalk illustrated by SHarre 1857 pl. 19, figs. 5 (see WRIGHT 
& Kennepy 1981 pl. 15, fig. 5 for a photograph of this specimen). 

This is only the twelth specimen of R. (R.) deverianum described from the 
chalks of the Anglo-Paris Basin. 

Occurrence: Terebratulina gracilis Zone of Montholon (Yonne). 


Family Collignoniceratidae WRIGHT & WRIGHT, 1951 
Subfamily Collignoniceratinae WRIGHT & WRIGHT, 1951 
Genus Collignoniceras BREISTROFFER, 1947 


Type species: By the original designation of Mrek, 1876 p. 453: Ammonites 
woollgari MANTELL, 1822 p. 197, pl. 21, fig. 16; pl. 22, fig. 7, proposed as type species of 
Prionotropis Meek, 1876 (non Freper, 1853) for which BrEISTROFFER (1947) proposed 
Collignoniceras as nomen novum. 


Collignoniceras woollgari (MANTELL, 1822) 


Fig. 3a, b;40; 50 
1822 Ammonites woollgari MAnTELL, p. 197, pl. 21, fig. 16; pl. 22, fig. 7. 
1981  Collignoniceras woollgari (MANTELL, 1822); WRIGHT & KEnnepy p. 103, pl. 28, 
figs. 1-3; pl. 29, figs. 1-7; pl. 30, figs. 1-3 (with full synonymy). 
1982 Collignoniceras woollgari (MANTELL); AMEDRO, COLLETE, PIETRESSON DE SAINT- 
AusIN & RopaszynskI, p. 30, pl. 1, figs. 5, 6, 7. 


Material: JPS 1, 2 from the upper part of the Craie 4 Terebratulina gracilis of the 
Carriére des Champs-Dey, near Troyes (Aube). H 1, 2 from the lower part of the Craie a 
Micraster breviporus, lotissement Clös du Hamelet at Sainte-Savine, west of Troyes 
(Aube). 

Discussion: The fragments from the Carriére des Champs-Dey are 
typical juveniles of the species (Fig. 50) and match well with the juvenile 
paralectotypes illustrated by WRIGHT & KEnnepy (1981 pl. 29, figs. 6, 7). The 
two larger fragments match the lectotype (WRIGHT & Kennepy 1981 pl. 28, 
fig. 3; pl. 29, fig. 5), Hl (Fig. 3a, b) showing two primary ribs separated by 
two secondaries, H2 (Fig. 40) showing looped ventral ribbing. 

The specimens from the upper part of the Craie 4 Terebratulina gracilis 
are associated with four specimens of Romaniceras (Romaniceras) deverianum 
(D’Orsıcny; 1841) described by Amépro et al. 1982. Since a Subprionocyclus 
neptunt fauna first appears some meters above this level, the present 
specimens show, for the first time, that deverianum is a top woollgari Zone 
species. 

The occurrence at Clös du Hamelet is also of great interest as it is 
associated with typical elements of the Subprionocyclus neptuni zone (see list 
in AMEDRO, COLLETE, PIETRESSON DE SAINT-AUBIN & ROBASZYNSKI, 1982). The 
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jpresence of intercalated ribs in the specimens indicates them to be the 
| ia form of the species, and not the subspecies regulare that succeeds C. 
Hwooligari in the U. S. Western Interior (see discussion in Coppan & Hook 
11979). Either the regulare form of this species is later than European 
woollgari, or, if contemporary, represents a true geographic subspecies. 

Occurrence: Widespread in the Middle Turonian of Europe, the USSR 
east to Transcaspia, Japan, California and Oregon, the U. S. Western Interior, 
Texas, Mexico and northern Australia. Upper Turonian Subprionocyclus 
Ineptuni Zone of the Troyes region. 


4 


Genus Cibolaites Coppan & Hook, 1983 


Type species: By original designation: Cibolaites molenaari Coppan & Hook, 
11983 p. 16, pl. 2, figs. 1-9; pl. 3, figs. 3-8; pl. 8, figs. 6-8; pl. 13, figs. 1-5; pl. 14; text- 
figs. 13, 14. 


Cibolaites cf. molenaari CoBBAN & Hook, 1983 


|| 

compare: 

1981 Collignoniceras SP. WRIGHT & Kenneoy, p. 107, pl. 8, fig. 17. 

111983  Cibolaites molenaari CoBBAN & Hook, p. 16, pl. 2, figs. 1-9; pl. 3, figs. 3- 
8; pl. 8, figs. 6-8; pl. 13, figs. 1-5; pl. 14; text-figs. 13, 14. 


| Material: Cuaumarp Collection, no. CH2 from the base of the Craie noduleuse, 
| Upper Cenomanian, Neocardioceras juddii Zone la Gendarmerie, Troyes (Aube). 


Description: The specimen is distorted into an ellipse, with a maxi- 
mum diameter of 26 mm. Coiling is evolute, with U = 38%. The whorl 
| section is depressed, with the greatest breadth at the prominent umbilical 
bullae. The whorl section is trapezoidal. There are ten strong conical 
| umbilical bullae on the outer whorl; these give rise to pairs of coarse, straight 
 prorsiradiate ribs with occasional additional intercalated ribs inserted on the 
flank. All bear well-developed ventrolateral clavi, linked across the venter by 
| a broad transverse rib bearing a stronger siphonal clavus. 

The sutures are not exposed. 

Discussion: Although poor, our specimen agrees well with inflated 
variants of Cibolaites molenaari from New Mexico, e. g. COBBAN & Hook 
1983 pl. 14, figs. 7-9, differing only in its very wide umbilicus, which may in 
part reflect the post-mortem deformation. The type material of C. molenaart 
came from the upper Lower / lower Middle Turonian of New Mexico, where 
it is associated with Neoptychites cephalotus and Fagesia superstes; the present 
specimen is significantly older, and may even represent a new form. It 
resembles a small fragment from the N. juddii Zone in southern England 
| figured as Collignoniceras sp. by WRIGHT & Kennepy (1981 p. 107, pl. 8, fig. 
17). Cossan & Hook referred Cibolaites to the Barroisiceratinae, but this 
subfamily originated in Reesideites of the Upper Turonian-Coniacian; resem- 


16 N. Jb. Geol. Paläont. Abh. Bd. 172 
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blance is mere homoeomorphy. Cibolaites is clearly a primitive member of 
Collignoniceratinae. 

Occurrence: Upper Cenomanian, Neocardioceras juddii Zone, Troyes } 
(Aube). 


Suborder Ancyloceratina WIEDMANN, 1966 
Superfamily Turrilitaceae Git, 1871 
Family Hamitidae Grit, 1871 
Genus Hamites PaRKINSON, 1811 


Type species: By the subsequent designation of Diener, 1925: Hamites attenuatus 
J. Sowersy, 1814, p. 137, pl. 61, figs. 4, 5. 


Hamites cf. simplex D’Orsıcny, 1842 


Fig. 4g 
compare: 
1842 Hamites simplex D’Orsıcny, p. 550, pl. 134, figs. 12-14. 
1972  Stomohamites cf. simplex (D’ORBIGNY); COBBAN & SCOTT, p. 44, pl. 13, figs. 5- 
MOS walle Iwate Shae ce 
1983 Hamites simplex D’OrBIGNY; KENNEDY & JUIGNET, p. 13, figs. 15 a-d; 17 a-w; 
36); 37v, w. 


Material: C7 from the Upper Cenomanian Neocardioceras juddii Zone, base of 
the Craie noduleuse of Bouilly (Aube). C22 and 23 from the same horizon, 0.8 and 
1.2 m above the top of the Plenus Marls at Saint-Parres-aux Tertres (Aube). 


Description: The best preserved specimen, C 7, is a composite internal 
mould 27.5 mm long with a maximum whorl height of 6 mm. The whorl 
section is deformed into a compressed oval. The ornament consists of strong, 
annular prorsiradiate ribs; the rib index is 5. 

Discussion: The fragment closely matches topotypes from the Middle 
Cenomanian Rouen Fossil Bed before us. It is of some interest as the first 
record from the juddii Zone, although H. cf. simplex occurs widely in the | 
underlying Metoicoceras geslinianum Zone of the United States (see 
discussion in WRIGHT & KENNEDY 1981, p. 110). 

Occurrence: The species ranges throughout most of the Cenomanian ~ 
stage, although most occurrences are Middle Cenomanian. It has a wide , 
geographic distribution in western Europe, Iran, Tunisia, Madagascar, , 
Australia, and Colorado in the U.S. Western Interior. 


Genus Puebloites CoBBAN & Scott, 1972 


Type species: By original designation: Helicoceras? corrugatum STANTON, 1894 p. 
165. 2p1 35, fie: 
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Puebloites cf. spiralis Coppan & Scott, 1972 
Fig. 4h, i, j, m 


compare: 
1972  Puebloites spiralis Coppan & Scott, p. 46, pl. 18, figs. 1-5; PIO s tigsal—o: 


Material: Cl, from the Gendarmerie at Sainte-Savine (Aube); C 10-13, from 
Bouilly (Aube), all from the base of the Craie noduleuse, Upper Cenomanian Neocar- 
dioceras juddii Zone. 


Discussion: These fragments are all distorted, but appear to have had 
‚an oval or circular whorl section and an ornament of strong oblique ribs, the 
mb index varying from 5-9. They closely recall the holotype of Puebloites 
spiralis (Coppan & Scott 1972 pl. 18, figs. 4, 5) but are too poor for 


! confident identification. 


Occurrence: As for material. P. spiralis is otherwise known only from 
the Lower Turonian of Colorado. 


Family Baculitidae Griz, 1871 


Genus Sciponoceras Hyatt, 1894 


| Type species: By original designation: Hamites baculoides MANTELL, 1822, p. 123, 
pl. 23, 2188. 16, 7. 


Sciponoceras bohemicum anterius WRIGHT & KENNEDY, 1981 


Fig. 4a-d, n 
1981  Sciponoceras bohemicum anterius WRIGHT & KENNEDY, p. 115, pl. 31, figs. 4-6, 8, 
10, 11, ?7; pl. 32, figs. 9, 10, 12-15 (with synonymy). 


Material: CH 2, from the Gendarmerie, Sainte-Savine (Aube); C8 from Bouilly 


| 


| (Aube); C4 from Echenilly (Aube) (associated with /noceramus pictus bannewitzensis 


Tröcer); C 20-21 from Saint Parres-aux-Tertres, 0.8 and 0.85 m above the base of the 
Craie noduleuse, a unit which is also the source of the other specimens; Upper 


Cenomanian, Neocardioceras juddii Zone. 
Discussion: The fragments show well the diagnostic features of the 


subspecies in the form and spacing of the constrictions (Fig. 4c, d, n) and the 
ribbing, both of which cross the venter transversely or in a broad arch (Fig. 
4b, d) rather than the strongly prorsiradiate course seen in the nominate 
subspecies where ribs and constrictions cross the venter in a narrow 
convexity. 

Occurrence: This subspecies is restricted to the Upper Cenomanian 
Neocardioceras juddii Zone and is known from southern England, the 
Boulonnais, Aube and Haute Normandie. 
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Sciponoceras sp. 
Fig. 4e, f 


Material: C16, from the lower part of the Craie ä Micraster breviporus of Bucey- 
en-Othe (Aube). 


Description: The specimen appears to be a body-chamber fragment, 23 

mm long. The whorl section is compressed (whorl breadth to height ratio 
0.72). There are four broad, deep constrictions in a length of 23 mm. They 
are concave on the flank and cross the venter in a narrow convexity. The 
shell between bears faint ribs parallel to the constrictions. 
Discussion: The constrictions are almost as wide as the section of shell 
between, a condition seen in no other Sciponoceras known to us. We take the 
specimen to be an aberrant form of S. bohemicum (Fritsch, 1872) (see 
Wricut 1979 p. 285, pl. 1, figs. 3-5; pl. 7, figs. 10, 12) but leave it in open 
nomenclature at this time. 


Superfamily Scaphitaceae Grit, 1871 
Family Scaphitidae Gm, 1871 
Subfamily Scaphitinae Git, 1871 
Genus Scaphites PARKINSON, 1811 


Type species: By the subsequent designation of MEEK, 1876 (p. 413): Scaphites 
equalis J. SowERBy, 1813, p. 53, pl. 18, figs. 1-3. 


Scaphites equalis J. SOWERBY, 1813 


Fig. 4k, | 
1813 Scaphites equalis J. SOwERBY, p. 53, pl. 18, figs. 1-3. 
1965  Scaphites (Scaphites) equalis J. SOWERBY; WIEDMANN, p. 417, pl. 56, figs. 1-4; 
text-figs. 3a-b (with synonymy). 
1983  Scaphites (Scaphites) equalis J. SOwERBY; KENNEDY & JUIGNET, p. 67, figs. 33 a-d; 
34a-k; 38 q, r (with synonymy). 


Material: Fl, from the base of the Craie noduleuse of Bouilly (Aube) Upper 
Cenomanian, Neocardioceras juddii Zone. 


Discussion: The specimen is a crushed body chamber fragment. It 
shows the strong, distant flank ribs, strengthened at the ventrolateral 
shoulder, with weaker intercalated riblets between that typifies this species, 
previously known from horizons up to the Metoicoceras geslinianum Zone of 


the Anglo-Paris Basin. 
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‘Abstract: A neutral model of Phanerozoic diversification is proposed. It assumes 
‘random and independent variation in the average rates of speciation and species 
bextinction per geologic stage. The model is tested against the empirical pattern of rates 
Hof marine animal family origination and extinction. As a null hypothesis, the neutral 
model cannot be rejected by the available paleontologic data. This result implies that it 
is individual phenomena, rather than the general pattern of diversification, that call for 
da causal explanation. There is no demonstrated need for macroevolutionary laws of 
Moti diversification. 


dKey words: Diversity, extinction, Phanerozoic, macroevolution, biologic evolution, 
neutral model. 
| 


4Zusammenfassung: Die hier vorgeschlagene Nullhypothese rechnet mit zufälligen und 
| unabhängigen Schwankungen der durchschnittlichen Speziations- und Aussterbe- 
Raten pro geologische Stufe. Empirische Muster in der Entstehung und dem 
‚Aussterben mariner Familien stehen nicht im Widerspruch zu einer solchen Annahme. 
Es sind deshalb die einzelnen Phänomene und nicht ein generelles Muster der Diversi- 
ifikation, die es zu erklären gilt, und es scheint, daß dies ohne die Annahme besonderer 


Gesetzmäßigkeiten der Makroevolution geschehen kann. 


Introduction 


Macroevolution has become a separate, though rather ill-defined, field of 
study. Even adversaries of the concept of macroevolution tend to admit the 
existence of macroevolutionary theories and laws that are not entirely 
reducible to, for they are not deducible from, microevolutionary principles 
(Stegsıns & Ayara 1981; Avara, 1983). But are there any specifically 
macroevolutionary laws? Or is it only the historical contingency, Le. 
unknown and unpredictable biological and geological boundary conditions, 
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that result in the apparent decoupling of macroevolutionary phenomena 
from microevolutionary theory? | 
There is a wide variety of definitions of macroevolution (e. g. STANLEY 4 
1979, ELDREDGE & CracrarT 1980, MADERSON et al., 1982, Goutp 1983, } 
Levinton 1983). But whichever definition is accepted, there seems to be a } 
consensus that the pattern of change in global taxonomic diversity during | 
the Phanerozoic is one of those biological phenomena that demonstrate the || 
inadequacy or incompleteness of microevolutionary principles and the need 
for macroevolutionary theories. It is among the major goals of the macroevo- 
lutionary research program to seek general laws responsible for the empirical 
pattern of biotic diversification. I shall focus in the present paper on this 4 
pattern of diversification and its interpretation as a prime example of | 
macroevolutionary considerations. 
Biotic diversification is a composite process, involving origination and | 
extinction of taxa. Diversification rate is simply the difference between the 
rates of speciation and species extinction, and it is in these terms that the 
pattern of diversification must be explained. Macroevolutionary laws of 
diversification have generally been sought in equilibrium-diversity 4 
constraints on branching processes with constant probability distribution of 
lineage bifurcation (speciation) and termination (extinction) (Raup et al. 
1973, Goutp et al. 1977); or in diversity dependence of the rates of origi- | 
nation and extinction of taxa (SEPKOSKI 1978, 1979; CARR & KITCHELL 1980; 
SEPKOSKI & SHEEHAN 1983), perhaps with perturbations (Serkoskı 1984, 
KiTcHELL & Carr 1985) by extrinsic, possibly periodic and extraterrestrial ; 
mechanisms (Raup & SEPpKosK! 1984). The problem with all these hypotheses 
is that even though their predictions may fit the empirical pattern, their 
assumptions are not independently corroborated (HoFFMAN 1981); in fact, + 
they seem to be violated in the real world (Stanızy et al. 1981, HoFFMAN 
1985 a). Nevertheless, it is these and similar studies that have prompted the 
recognition of Phanerozoic diversification as a valid macroevolutionary 
problem. 
The underlying implicit assumption is that the pattern of diversity per se : 
is biologically meaningful. This assumption is indicative of a specific ontolo- 
gical option whereby taxa are considered to be, at the analyzed level, 
particles indiscernible from one another (Raup & GouLn 1974, ScHopr 1979). 
This option reflects what may be termed the uniformistic, as opposed to 
individualistic, approach to biology (Horrman 1981, 1983). There is nothing 
compelling in this particular view of life. It is my contention, however, 
which I shall try to substantiate in the present paper, that even within the — 
uniformistic conceptual framework, macroevolutionary laws are not 
necessary to explain the empirical pattern of Phanerozoic diversification. 
This empirical pattern should, ideally, be presented in terms of global 
species diversity. Unfortunately, this is beyond the resolution potential of 
paleontology. Therefore, the pattern is most commonly represented by 
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»EPKOSKI'S (1982a) compilation of stratigraphic ranges of marine animal 
samilies. The family level of taxonomic hierarchy has been chosen as “the 
pest compromise between sampling limitations and taxonomic uncertainty” 
AUP & SEPKOSKI 1982), although it is indeed unclear if the family/species 
elationships are biologically equivalent among particular phyla or even 
Hlasses (see VAN VALEN 1973 for metataxonomic analysis of this relationship 
in extant organisms). The stage level of stratigraphic resolution has generally 
ipeen achieved. Data of this kind are very severely biased by a variety of 
factors, including the pull of the Recent as well as the variation among parti- 
‘cular stages in their absolute duration, outcrop area/and or sediment volume, 


srossiliferousness, number of Fossil-Lagerstätten, fossilization potential of the 
yauna, and monographic coverage (Raup 1972, 1976; SEPKOSKI 1976; LASKER 
11978; Sısnor 1978, 1982). In addition, absolute dating of stage boundaries is 
subject to much uncertainty, with analytic errors often considerably 
Irxceeding the supposed stage durations (Opin 1982, HARLAND et al. 1983, 
PALMER 1983, Carr et al. 1984). Reality of the most general features of the 
empirical pattern of diversification is supported by significant intercorre- 
dlation of several estimates of Phanerozoic diversity (SEPKOsKI et al. 1981) but 
because of all those biases, only crudest quantitative analyses of the patterns 
ay be reliable. Furthermore, the correlation among diversity estimates has 
been established at the system level of stratigraphic resolution and, therefore, 
cannot be taken to justify reliability of a more detailed pattern at the stage 
level. However, no better data are currently available and it is this pattern of 
tmarine animal family diversity in Phanerozoic stages that has been subject to 
acroevolutionary analyses and thus taken to imply the separation of 
imacroevolution from microevolution. Consequently, I shall also analyse the 
jpattern emerging from Serkoskrs (1982a) compendium. 

| One might argue that because of all the inherent shortcomings of this 
data base, the macroevolutionary research aimed at analysis of the Phane- 
rozoic diversification is, and must be, a purely academic exercise, very far 
removed from the real world. This argument, however, is insufficient, for it is 
far from being obvious what particular constraints the empirical limitations 
of fossil diversity data impose on their evolutionary interpretation or how (if 
at all) these limitations do systematically distort the pattern. I shall argue, by 
contrast, that with these empirical limitations taken into account, a simple 
stochastic model consistent with the synthetic (or neodarwinian) theory of 
evolution may explain the pattern of Phanerozoic diversification, and hence, 
that the concept of macroevolution is superfluous in this context. My 
argument thus agrees with the principle of pragmatic reductionism 
(Horrman 1983, ScHopr 1984) which demands that no new complex theory 
be accepted in science unless it is demonstrated that the processes envisaged 
by the old theory cannot successfully and parsimoniously account for the 


observed patterns. 
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Model 


No specific predictions concerning the course of biotic diversification | 
and the consequent pattern of Phanerozoic diversity follow from the synthe- | 
tic theory of evolution. The only constraint it imposes on explanations for 4 
the empirical pattern is that no processes other than microevolutionary ones | 


be invoked. 


Therefore, I propose to consider a simple stochastic model of biotic diver- | 
sification as a null hypothesis. There is, of course, no process in nature that | 
could not be modelled -stochastically. The model that I propose, however, | 
assumes only random and independent variation in the average probabilistic \ 


rates of speciation and species extinction per geologic stage. 


Thus, the model is neutral in the sense of assuming only randomness | 
and the minimum number of biological premises, which allows it to be used | 
as a template against which other biological models should be tested. For if a | 
neutral model of this kind is acceptable, there is no need to invoke other | 


biological explanations to account for the observed patterns. This meaning 
of the term neutral model thus differs from the usage of the term in 
population genetics where it implies neutral, or nonadaptive, mutations as 
the prime cause of evolution. 

The model’s assumption hardly needs a theoretical justification because it 
simply implies that the average rates of speciation and species extinction are 


abstract statistical constructs reflecting each a myriad of independent biolo- - 


gical processes operating at the underlying, microevolutionary level; it 
reflects the essential unpredictability of any historical process. In other 
words, the model assumes that the pattern of diversification results from 
aggregation of a large number of microevolutionary processes and events 
rather than from operation of macroevolutionary processes. This is the 


simplest possible model of biotic diversification. It is entirely consistent — 


with the synthetic theory of evolution, and it must first be tested and 
rejected in order to justify any macroevolutionary explanation for the 
pattern of Phanerozoic diversification. 


This neutral model does not imply anything concerning the mutual 


relationship between the average rates of speciation and species extinction. 
The global species diversity, however, seems to have substantially increased 
over the Phanerozoic (VALENTINE 1969, SEPKOSKI et al. 1981, SIGNoR 1982), 
and the very fact that the biosphere has persisted for so long and achieved 
such a bewildering diversity points to an empirical constraint on the model. 
The overall average rate of speciation has been higher than the overall 
average rate of species extinction. This is consistent with common sense, for 
it is all local populations of a species that must be exterminated to result in 
species extinction, whereas it is only a single deme that needs to diverge in 
order to give origin to a new species. 

The proposed neutral model leads to the following predictions: (i) Rates 
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if speciation and species extinction should be randomly distributed. (ii) 
"hey should vary independently from each other as well as from diversity. 
i ii) There should be no temporal order in occurrence of their local maxima 
wr peaks, for the patterns of speciation and species extinction should 
'epresent each a random walk. 


Evaluation 


These predictions can be compared to the empirical pattern. It must be 
<ept in mind, however, that the empirical pattern is at the family level, 
Awhereas the predictions concern the species level of taxonomic hierarchy. 
(his discrepancy reflects the unfortunate but inescapable limitations of the 
\lossil record. As a consequence, results of the test of the model must be 
jrualified to account for possible incongruities between the patterns expected 
Ho occur at the family and the species levels. 


(Rate distribution 


| The expected distribution of random origination and extinction rates 
‘strongly depends on the assumed nature of the underlying processes (QUINN 
1983, Raup et al. 1983). Similar assumptions affect the choice of appropriate 
metrics of origination and extinction. I calculated per family (or probabi- 


ifrom Serkoskrs (1982 a) compendium. Rate of origination was computed as 
ithe number of family originations in a stage divided by the number of 
| amilies that survived from the preceding stage. Rate of extinction was calcu- 
jlated as the number of family extinctions in a stage divided by the number 
lof families at risk, i. e. those that survived from the preceding stage plus all 
ithose that originated in the given stage. (Records with stratigraphic 
iresolution at the level of series or systems were assigned to stages consti- 
Ituting those stratigraphic divisions proportionately to the higher-resolution 
data. All the families and family-level problematica listed by SepKoski were 
| considered). 

| This procedure assumes that all the families originated and went extinct 
at the beginning and the end of a stage, respectively, which assumption is 
|here accepted only because it overcomes the problem with absolute dating. 
The margin of uncertainty about true stage durations is so wide that almost 
any stage might actually be a period of increased extinction and/or origi- 
nation per million year, with the rates varying by an order of magnitude in 
particular stages depending on the exact timing of stage boundaries 
(Horrman 1985 b). Yet both origination and extinction metrics should be 
normalized for absolute stage durations if the processes of origination and 
extinction of taxa are considered to be continuous rather than episodic, for 
longer stages would, then, naturally accumulate more extinctions and origi- 
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nations. Thus, the choice of extinction and origination metrics implies strong 4 
assumptions about the nature of the processes to be analyzed. 4 

At present, none of these assumptions can be sufficiently tested by thes 
empirical data. It appears most likely, however, that none of them applies) 
throughout the entire Phanerozoic. If this is indeed the case and a few waves) 
of origination and mass extinctions did occur instantaneously at the geologic ; 
time scale (i. e. within much less than a stage each) but, on the other hand, 
their magnitude did not greatly exceed the cumulative effects of background 
extinction and origination in particular stages, stratigraphic resolution at the 
stage level is inadequate for analysis of extinction and origination rate distri- | 
bution. This is well illustrated by the discrepancy in the pattern of extinction 
and origination yielded by a single set of data on Late Triassic through Early # 
Jurassic terrestrial biota. Not only the absolute magnitude but also the timing ! 
of local maxima of extinction and origination rates undergo considerable | 
changes depending on the level of stratigraphic resolution at which they are 4 
calculated (Dr. Paut E. OLsen, personal communication). 

This uncertainty about the processes of origination and extinction of 
taxa, as well as uncertainty about the absolute time scale if the processes are 
considered to be continuous rather than episodic, impose limits on the relia- ) 
bility of testing the actual rate distribution for randomness. 

Further limitations to such a test are indicated by the pattern of temporal § 
changes in family extinction and origination rates. As clearly demonstrated ' 


NY 


family extinction and origination 


Fig. 1 Per family rates of marine animal family origination (open circles) and | 
extinction (closed circles) per geologic stage; data from Srrkoskı (1982 a) 
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the plot of the calculated metrics (Fig. 1), both rates decrease in geologic 
yime. This secular trend has been demonstrated previously for other 
jxtinction metrics (Raup & SEPKosKI 1982, VAN VALEN 1984 a), though not 
pr the rate of origination. Decline in the rates is nontrivial, but the exact 


This result might be taken as counterevidence to the neutral model of 
Wiotic diversification. It was in fact interpreted as an indication of either 
increasing fitness (Raup & Sepkoskı 1982; note that the term “fitness” was 
reant to denote adaptedness rather than strictly defined genetic fitness), or 
Hecreasing ecologic interference (VAN VaLEN 1984a) among progressively 
lounger organism. The mutual resemblance of the patterns of extinction and 
|rigination refutes the former interpretation because better adaptedness of 
aXa present at any particular time cannot affect origination of other taxa 
Inless mediated by their ecologic interference. More importantly in the 
jresent context, however, this decline in origination and extinction rates 
Piccurs at the family, not the species, level of taxonomic hierarchy. 

| There are at least three major factors that contribute to produce such a 
lattern even under constancy of the average rates at the species level. First, 
bis noted by VaLentineE (1969), the higher the taxonomic level of analysis, the 
slarlier the maximum diversity was reached in the Phanerozoic. This is due to 
he taxonomic procedure being imposed on the branching evolutionary tree 
| AuP 1983). When taken in conjunction with the increase in global species 
end to be progressively more speciose through geologic time, which may 
Hliversity through time (VALENTINE 1969, SEPKOsKI et al. 1981, SIGNoR 1982), 
Ihis implies that a constant rate of family origination would correspond to 
n increasing rate of speciation. Secondly, by the same argument, families 
ccount for the observed decline in family extinction rate; for given the 
same probability of species extinction, species-rich families are less vulne- 
table to stochastic extinction (FLESsA & JABLONSKI 1985). This is reflected by 
ithe generic diversity of marine invertebrate groups across the Cretaceous/ 
Wertiary boundary (Table 1), for apart from distinctly selective extinction of 
‘the rudists, surviving families were significantly more diverse than those that 
ent extinct. Third, the pull of the Recent tends to decrease the extinction 
irate in progressively younger stages because given the same morphologic gap 
between fossils and living organisms, a Neogene species is more likely than a 
Paleozoic one to be assigned to an extant family (Raup 1972). This, in turn, 
‘tends to extend the actual stratigraphic ranges backwards and hence, to 
|Hecrease also the rate of origination in progressively younger stages. 

I! Contributions of all these factors to the observed decline in rates of 
“family origination and extinction throughout the Phanerozoic cannot be 
‘\quantitatively evaluated at the present state of knowledge. Therefore, there is 
‘Ino way of determining how this pattern at the family level does relate to 
lunderlying patterns at the species level. This conclusion points to the impor- 
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Table 1. Average generic diversity of families that survived, or went extinct in, the N 
Maestrichtian; data from MENnnER et al. (1980) and Nevesskaya & SOLOVYOV (1981) 
a ee ee ae 


total number average number ) 
of families of genera per family 
in the Maestrichtian in the Maestrichtian : 
Bivalvia 
surviving families UP 309 
non-rudist extinct families 12; 1.4 
rudist families 4 12.0 
Gastropoda 
surviving families 85 3.6 
extinct families 8 il 
Echinoidea 
surviving families 29 37, 
extinct families 9 1.8 
Cyclostomata 
surviving families 26 5.4 
extinct families 2 2.0 


tance of the inherent limitations of the fossil record for evaluation of 
hypotheses on diversification of the biosphere. 

As a matter of fact, the rates of family extinction (defined in this case as. 
the number of extinctions per million year) approximate Poisson distribution 
around the regression line over geologic time, with the Ashgillian, Guadelu- 
pian-Dzhulfian and Maestrichtian as possible outliers (Raup et al. 1983); 
among the rates of family origination, possible outliers include the Tremado- | 
cian-Arenigian, Cenomanian and Early-Middle Eocene. This result, however, | 
is at best corroborative of the neutral model. For it must be emphasized that 
under the conditions of the character of the processes of extinction and 
origination and the relationships between the family- and species-level 
patterns being unknown, the neutral model’s prediction that the rates of, 
speciation and species extinction are randomly distributed through time is. 
essentially untestable. 


Qualitative argument 


It cannot be determined quantitatively whether the Ashgillian, Late! 
Devonian, Late Permian, Late Triassic and Maestrichtian, which have long: 
been recognized as true mass extinctions (NEWELL 1967, VALENTINE 1969, 
Herman 1981, Sepkoskı 1982 b), represent a discrete category of biological: 
phenomena or merely the tail of the expected random distribution (QUINN ! 
1983, Raup et al. 1983). In the absence of quantitative criteria, however, it! 
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might be argued that the rate of extinction exceeds a threshold value at 
periods of mass extinction, causing distinctive biological mechanisms to 
»loperate. 

Following from rarefaction analysis of the percent extinction of marine 
sanimal orders and families, Raup (1979) estimated that close to 96% of 
‚species had gone extinct in the Late Permian. Given this staggering figure, 
ithe taxonomic composition of the Early Triassic biota could be more 
properly regarded as due to an evolutionary founder effect, or chance 
survival of taxa that happened to be in the right place at the right time, 
‘rather than owing to any biological, adaptive characteristics of the survivors. 
Capricious selection of this sort operates locally at all times, as is well 
Ülillustrated by the pattern of mollusk extinctions in the Pliocene Peruvian 
}ibioprovince where a rapid uplift of the continental margin caused total 
udestruction of the biota of inshore basins with fine-grained substrates, 


\facing sandy shores were only slightly affected (DeVrizs 1984). However, 
jpredominance of such a capricious selection at the global scale, as suggested 
tor the Late Permian, might constitute a qualitative difference between 
jprocesses of mass extinction and background extinction. Reality, in contrast 
‘}to arbitrariness, of this distinction would provide counterevidence to the 

neutral model of biotic diversification, for it would refute the prediction of 
cn distribution of the rates of extinction. 

As pointed out by Raur (1979), his rarefaction estimate of species-level 
4extinction during the Late Permian assumes nonselective extinction, that is, 
jrandom distribution of extinct species among families and orders. For if 
most extinct species were concentrated in only a few families, rarefaction 
} analysis would considerably overestimate the true magnitude of extinction. 
| To evaluate this crucial assumption of nonselective extinction, I 
1 compared the distribution of extinct families among marine animal classes to 
| the distribution of families at risk of extinction during the periods of mass 
extinction (Fig. 2). As indicated by the chi-square test of goodness of fit, the 
null hypothesis that extinct families are a random sample of families at risk 

is rejected at the significance level P <0.01 for all the mass extinctions. This 
result implies that mass extinctions were strongly selective and hence, that 
rarefaction analysis overestimates their magnitude. 

Just how much overestimated the figures of species-level extinction 
| obtained by rarefaction of family extinction are, can hardly be calculated. A 
“conservative approach to account for this overestimate is to assume that 
extinction selectivity divided the entire biota at risk during the mass extinc- 
tions into two parts, one more heavily affected by extinction than the other, 
but that extinctions were nonselective within each of these two parts of the 
biota. Rarefaction can, then, be applied separately to each part of the biota 
and the resultant estimates can be weighted according to the abundance of 
the two parts and added up. When applied to Serkoskr’s (1982 a) data, with 
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Fig. 2. Taxonomic selectivity of mass extinctions, as indicated by distribution of extinct 
families (black bars) among marine animal classes compared to distribution of all 
families at risk of extinction (open bars) during the periods of mass extinction; X2 
values for chi-square test of goodness of fit are given; data from Srrkoskı (1982a). 
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eavily affected classes being arbitrarily defined as those with over 5% family 
xtinction, this procedure yields figures (Table 2) that are all but staggering 
sand, in fact, may not exceed some instances of less selective background 
»pxtinction (e. g. Givetian, Carnian). Thus, the magnitude of mass extinctions 
‘Hoes not seem to validate the argument for a sharp distinction between the 
brocesses of mass and background extinction. 


able 2. Estimates of percent extinction in marine fauna during the periods of mass 


| extinction 
rer er ee 
percent family percent species* percent species* 
extinction extinction extinction 
(assuming (assuming 
| taxonomic taxonomic 
nonselectivity) selectivity) 
>} Maestrichtian 11 50 30 
jean 8 45 10 
‘YNorian 8 45 15 
(Carnian) 15 
|Dzhulfian 20 75 30 
‘Guadelupian DY 85 40 
Fe 16 65 25 
‚lFrasnian 14 60 30 
| (Givetian) 25 
/ Ashgillian 25 80 40 
“Estimated to the closest 5%, with use of Raup’s (1979) rarefaction curve and a conser- 


Note that all the estimates of species extinction given in Table 2 are 
| derived from a single rarefaction curve, the one computed by Raup (1979) 
for Recent echinoids, which may not be representative for the entire biota at 
any particular geologic stage. Therefore, these are not unbiased estimates of 
| percent species extinction. These figures are here given only in order to 
| indicate the importance of extinction selectivity. 
Apart from this taxonomic selectivity, however, the pattern of what 1s 
traditionally recognized as mass extinction resembles the pattern of 
background extinction. The larger the number of bioprovinces a taxon 
inhabits, the better is its chance to survive during mass extinction as well as 
at other times. This is exemplified by the pattern of extinction/survival 
among Carnian and Norian-Rhaetian bivalve genera (Table 3); a similar 
pattern has been found in Neogene mollusks (HorrMaN & SZUBZDA- 
StupencKA 1982, MARTINELL & HorrMan 1983). Also, the more speciose a 
taxon, the less likely it is to go extinct. This is well illustrated by the pattern 


230 Antoni Hoffman 


Table 3. Biogeographic distribution and extinction in the Late Triassic bivalves; data 
from Harzam (1981 a) 


PER EEE BE BEE EE ee Ee eee 


average number endemic* widespread* 
of bioprovinces genera genera 
inhabited by a 
genus 
Carnian bivalves 
surviving genera 3 7, 48 
extinct genera 1.4 35 0 
(percent extinction) 66 0 
Norian-Rhaetian bivalves 
surviving genera 3.6 13 30 
extinct genera 25 32 22 
(percent extinction) ZA 42 


*Endemic genera defined arbitrarily as those recorded in less than 3 (of the total of 7) 
bioprovinces; all the others are widespread. 


Table 4. Speciosity and extinction in Late Cretaceous mollusks from Europe and 

southern Soviet Union; data from Nevzsskaya & SoLovyov (1981); excluded are 52 

inoceramid and rudist genera (often highly speciose) that all survived the Campanian 
but went extinct in the Maestrichtian 


average species-poor* species-rich* 
species number genera genera 
per genus 
Campanian bivalves 
surviving genera 32 56 32 
extinct genera 2.2 9 3 
(percent extinction) 14 9 
Maestrichtian bivalves 
surviving genera 3.9 35 26 
extinct genera 22. 33 ilu! 
(percent extinction) 48 30 
Campanian gastropods 
surviving genera 23 Sl 21 
extinct genera 18 20 
(percent extinction) 28 
Maestrichtian gastropods 
surviving genera 3.0 49 30 
extinct genera 1.8 28 6 
(percent extinction) 36 17 


eS eee ee ee ET in. 


*Species-poor genera defined arbitrarily as those with less than 3 species; all the others 
are species-rich. 


Implications for macroevolution 231 


hf extinction/survival among Campanian and Maestrichtian bivalve and 
astropod genera of Europe and southern Soviet Union (Table 4). 

| The latter result contrasts strongly with JaBLonskr’s (1985) observations 
on the Gulf and Atlantic Coasts of North America where species-rich 
ollusk genera do not seem to fare better during the terminal Cretaceous 
xtinction. Whatever factors cause this discrepancy, it indicates clearly that 
he North American pattern is not general (even for the same animal group 
ind the same time) and does not provide evidence for a fundamental biolo- 
‘Yeical difference between the regimes of mass and background extinction. 
ualitative considerations on extinction rates thus agree with the prediction 
ibe the neutral model of diversification. 


| 


Diversity independence 


Randomness of the distribution of speciation and species extinction rates 
in the Phanerozoic cannot be rigorously tested. However, testability of the 
other two predictions of the neutral model of diversification should not be 
}iaffected by the distinction and a possible discrepancy between patterns at the 
family and the species levels. For if there is no well-defined relationship 
among speciation, species extinction and species diversity, and/or if there is 
Arandomness in the occurrence of rate maxima at the species level, the same 
ishould hold true also for higher levels of the taxonomic hierarchy. 

_ There are highly significant correlations between per family rates of 
ifamily origination and extinction and family diversity in 76 post-Tommotian 
stages. This is not surprising because of their significant correlations to the 
Le clogic time, as well as owing to the rate definition that includes the 
jreciprocal of diversity. Spurious correlations are expected to arise in this 
“system and their presence could not be taken as biologically meaningful. 
[Despite this likelihood of artifactual correlations, however, almost none of 
the correlation coefficients remains statistically significant (Table 5) when the 
Mate are split into 4 time intervals that are separated, for convenience, by the 


|major extinction events, i. e. Ashgillian, Late Permian and Maestrichtian 


(\(Horrman 1985 a). 

| The correlations are not improved by the introduction of a one-stage time 
) lag between diversity and the rates of origination and extinction. The alleged 
mass extinctions were not excluded from this analysis; their exclusion, 
| however, significantly improves the correlation in the later Paleozoic only 
(| (Horrman 1985 a). The proposed subdivision of the global marine biota into 
three major evolutionary faunas, each with its own ecological and evolu- 
tionary properties (SEPKOSKI 1981, 1984; SEPKOSKI & SHEEHAN 1983; KITCHELL 
& Carr 1985), might account for the absence of significant correlations in 
the Cambrian and Ordovician, when all the three faunas coexisted and 


underwent differential evolutionary trends, but not in the Mesozoic and 
Cenozoic when it is only the modern fauna that significantly contributes to 
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Table 5. Correlation coefficients between per family rates of family origination and || 


extinction and family diversity; after Horrman (1985 a) 
db aI ETT sive _ Te Re oe 


number of stages rate correlation 
coefficient 
Danian origination -0.512* 
through 12 
Pleistocene extinction -0.359* 
Induan origination -0.322* 
through 29 
Maestrichtian extinction -0.097* 
Llandoverian origination -0.458 
through 21 
Dzhulfian extinction -0.351* 
Atdabanian origination -0.365* 
through 14 
Ashgillian extinction -0.304* 
*Correlation coefficients nonsignificant at P = 0.05. 


the global pattern. Furthermore, such a strong interpretation of the factor 
analytic description of the fossil record is questionable in itself, because it 
amounts to a reification of particular factor analytic solutions (cf. GouLp’s 
destructive analysis of a similar procedure in psychometrics; GouLD 1981; see 
also Horrman 1985 c). 

The absence of significant correlations between family diversity and per 
family rates of family origination and extinction suggests diversity indepen- 
dence of the rates. The empirical pattern of diversification thus well 
conforms to the prediction of the neutral models. 


Peaks of extinction and origination 


Under the neutral model, there is only a negligible probability that the 
rate of extinction or origination remains constant from one stage to another, 
while the probabilities of its increase and decrease are 0.5 regardless of 
whether ıt increased or decreased at the preceding step. This allows for a 
number of quantitative predictions. The numbers of positive and negative 
increments in extinction rate cannot significantly differ from each other, and 
the probability of any given stage representing a peak of extinction is 0.25. 
The same predictions pertain to the origination rate and its peaks. Because 
the two rates are assumed to vary independently, the probability is 0.0625 for 
each of the following configurations: extinction peak one stage before origi- 
nation peak, extinction peak coincident with origination peak, and 
extinction peak one stage after origination peak. 

When compared to the empirical pattern shown in Fig. 1, it is only the 
number of coinciding peaks that significantly deviates from the model’s 
predictions (HorrMAN & GHIOLD 1985). This is probably due to a systematic 
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jas introduced by the Fossil-Lagerstätten, for unusually favorable fossili- 
ation conditions promote the preservation of otherwise poorly fossilizable 
organisms and thus inflate both the extinction and origination rates. The 
stages with coincident peaks of extinction and origination include the 
iddle Mid-Cambrian with Burgess Shale, the Siegenian with the Hunsriick 
Slate, the Moscovian with the Mazon Creek, the Guadelupian with silicified 
fossils from West Texas, and the Tithonian with the Solnhofen Limestones, 
i.e. all the most famous marine Fossil-Lagerstätten. This interpretation is 
reinforced by the pattern of nonmarine invertebrate families, for it is again 
only the number of coinciding peaks that significantly deviates from the 
prediction, while the nonmarine record is even more heavily affected by 
junusual fossilization conditions (HorrMAN & GHIOLD 1985). 

| Asa matter of fact, this deviation from the model’s prediction disappears 


when the bias introduced by the marine Fossil-Lagerstatten is accounted for. 
With a data set limited to shelly taxa with good fossilization potential, the 
middie Mid-Cambrian and Moscovian are neither peaks of origination, nor 
of extinction (cf. Fig. 1 in Raup & Serkoskı 1982 for the same result for 
another extinction metric). The empirical pattern conforms, then, at the level 
I, P = 0.05 to the prediction of the neutral model that there be no orderly 
distribution of peaks of extinction and origination. 


Implications 


As a null hypothesis, the neutral model of biotic diversification 
| withstands the test of the empirical data on changes in global taxonomic 
diversity during the Phanerozoic. Out of the model’s three predictions, one 
| is quantitatively untestable (although it is corroborated qualitatively) but the 
‘other two conform to the empirical pattern when corrected for systematic 
“biases of the data. 

This result does not imply that the model is correct but merely that here 
‚is no reason to reject it. This is not only a methodological qualification, 
relevant to hypothesis testing in general. Given the notorious limitations of 
|| the fossil record, the neutral model may in fact be too null to be rejected, at 
least at the present state of knowledge. For it is beyond the resolution 
| potential of paleontology to provide a good estimate of global diversification 
at the species level and at a time scale of no more than about one million 
| years, which would be necessary to test the model rigorously. 

_ Although the test is much less rigorous than desired, however, the neutral 
model is corroborated by the available data. It provides a simple and 
| plausible explanation for the general features of the empirical pattern. Until 
its incorrectness is demonstrated, no macroevolutionary mechanisms or laws 
| of the sort emerging from the studies by Serkoskı (1978, 1979, 1984) or 
| KircHeLL & Carr (1985) need to be invoked to account for the pattern of 
Phanerozoic diversification. For those macroevolutionary concepts do not 


, 


234 Antoni Hoffman 


only appear less parsimonious than the neutral model and thus defy the 
methodological principle of pragmatic reductionism; they also rely on 
untested, and disputable (if not untenable) assumptions about biology (inter- 
pretation of taxa as particles indistinguishable from one another, operation 
of ecological and evolutionary processes at higher levels of taxonomic 
hierarchy, etc.). The neutral model, in turn, follows entirely from the single 
assumption that, at the global scale, the average rates of speciation and 
species extinction are controlled each by a large number of independent 
processes and events. It is this difference in model justification that 
provides the ultimate rationale for my contention that the analysis of models 
of Phanerozoic diversification does not warrant any macroevolutionary 
implications. 

Even if the proposed neutral model of biotic diversification 1s correct, 
however, it accounts only for the general pattern. The problem with 
stochastic models is that they can merely describe but not explain 
phenomena, unless the randomness is interpreted ontologically (HOFFMAN 
1981, 1983). Yet there is little doubt that some real causes are responsible for 
the apparent increase or decrease of the rates of origination and extinction of |} 
taxa in each particular geologic stage. That the pattern of this variation can 
be adequately described in stochastic terms, implies only that the causes are 
multifaceted and independent from one another. The real challenge to 
paleontology is to identify those causal factors and their contributions to } 
particular events. But if so, it appears to be more productive to seek explana- 
tions for individual phenomena and attempt inductive generalizations, 
rather than to focus on such general patterns as, for instance, the apparent 
periodicity of alleged mass extinctions (cf. Raup & SEPKOsKI 1984); for those 
general patterns may be satisfactory accounted for by mere chance (KITCHELL 
& Pena 1984, HorrMaAN & GHioLD 1985, Horrman 1985 b). 

Consider, for example, the stages that represent peaks of extinction and 
also peaks of origination. The number of these stages, as determined from 
the complete data set (Fig. 1), significantly exceeds the number predicted by 
the neutral model. This is attributable to a systematic bias introduced by the 
famous Fossil-Lagerstatten, especially in the middle Mid-Cambrian and 
Moscovian but possibly also in the Siegenian, Guadelupian and Tithonian. 
The question remains, however, why the peaks of extinction and origination 
do coincide also in the Pliensbachian, Bajocian, Hauterivian, Cenomanian 
and Maestrichtian? 

There is a number of possible causes for such a coincidence. (1) As noted 
above, it may reflect the occurrence of some unusual Fossil-Lagerstatten. (ii) 
The faunal turnover may be largely artifactual, due to the study by ; 
taxonomic splitters as opposed to lumpers. (iii) The stage may have been 
more intensely monographed or better sampled (owing to larger outcrop 
area, more fossiliferous lithologies, etc.). (iv) The stage may have been longer 
than the adjacent stages and hence, have accumulated more origination and 
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| tinction events. (v) The stage level of stratigraphic resolution may be too 
‘ude; the peaks did not really coincide in time, but analysis at the stage 
vel cannot detect their discrepancy. (vi) The faunal turnover may have 
een increased by pure chance; some groups may have radiated while others 
rent extinct without affecting each other, as “ships that pass in the night” 
OULD & CaLLoway 1980). (vil) The stage may have been a period of major 
ologic reorganization. Of course, more than one causal factor may 
yontribute to a coincidence of the peaks of origination and extinction in any 
liven stage. 
This problem may be approached by the analysis of family “infant 
hortality”, 1. e. the probabilistic rate of extinction of the families that origi- 
ated and went extinct within a single stage. This rate can be expected to be 
ubstantially higher than the average extinction rate in a given stage under 
e first three causes, essentially the same as the average rate under the 
ourth through sixth causes, and substantially lower than the average rate 
ınder the conditions of major ecologic reorganization. For it is only under 
whe latter conditions that families that have their first appearance in a given 
tage are expected to be better adapted to the environment than older 
amilies. 
The respective rates are given in Table 6. I do not attempt their formal 
\tatistical treatment because there is no way to estimate the sampling biases. 
HExtinction probability must be highly variable among contemporary 
ics owing to their variable biology and species richness. Moreover, the 
dates of within-stage extinction are significantly higher than the average rates 
ber stage (Wilcoxon matched-pairs signed ranks test; P = 0.01), which 
indicates a disproportionately large number of very short-ranged families. 
This precludes a rigorous statistical test, for the predicted differences between 
within-stage and average rates of family extinction are unknown. 
- Qualitatively, however, it may be noted that the stages with the largest 
Hifference between within-stage and average rates of family extinction are 
those with the famous Fossil-Lagerstätten. This difference is much less 
pronounced in the Pliensbachian, Bajocian and Hauterivian, and almost 
one in the Cenomanian. The first three of these stages may have simply 
een longer than the adjacent ones. This cannot be resolved at the present 
tate of knowledge (cf. Opmn 1982, Harranp et al. 1983, PALMER 1983, CARR 
bt al. 1984) but it seems especially plausible for the Bajocian, as it includes 
Iso the Aalenian in Sepkoskr’s (1982 a) stratigraphic scheme. Such an expla- 
ation cannot hold true for the Cenomanian, however, for its duration is 
trather well established to be shorter than the Albian. The wave of Ceno- 
anian originations includes mostly fish, echinoderm, bryozoan and 
astropod families. The extinction, on the other hand, affected mostly fish, 
iechinoid and ammonite families. The contribution of arbitrary taxonomic 
idecisions, pure chance, major ecologic reorganization, and discrepancy in 
Itiming of the two peaks in the Cenomanian cannot be presently determined; 
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Table 6. Per family rates of extinction for marine animal families that originated and 
went extinct within a single stage, compared to the average rates of extinction in these 
stages; within-stage data excluded from the average rates; data from Serkoskı (1982 a) 
Bi Se ee ee 


within-stage average 
extinction rate extinction rate 


A. Stages with coinciding peaks of extinction and origination 


middle Mid-Cambrian 0.711 0.245 
Siegenian 0.358 0.040 
Moscovian 0.477 0.052 
Guadelupian 0.571 0.252 
Pliensbachian DAR: 0.030 
Bajocian 0.143 0.023 
Tithonian 0.200 0.047 
Hauterivian 0.071 0.018 
Cenomanian 0.056 0.050 
Maestrichtian 0.029 0.111 


B. Random sample of other post-Tommotian stages 


Tremadocian 0.118 0.191 
Arenigian 0.077 0.130 
Ashgillian 0.263 0.248 
Givetian 0.311 0.105 i 
Ladinian 0.162 0.033 . 
Norian 0.304 0.073 | 
Kimmeridgian 0.056 0.030 \ 
Albian 0.036 0.023 | 
Campanian 0.054 0.034 


Middle Eocene 0.056 0.016 i 


! 
although there is evidence that the extinctions did not occur instantaneously’ 
at the end of the stage (KAUFFMAN 1984). 1 

Perhaps the most interesting case, however, involves the Maestrichtian, ı 
for it has been claimed to represent a true, instantaneous mass extinction: 
due to an extraterrestrial impact at the very end of the stage (L. W. ALVAREZ! 
et al. 1980; W. Atvarez et al. 1982, 1984a). The timing of that terminal: 
Cretaceous event rules out any possibility that the Maestrichtian wave of: 
origination (it is well pronounced also in the record of marine invertebrate, 
genera and, in some groups, species; MENNER et. al. 1980, 1981; NEvEssKAYA 
& SOKOLOV 1981) occurred after the mass extinction. Yet the extinction rate: 
of families that originated in the Maestrichtian is markedly lower than the: 
average rate of extinction for that stage (Table 6). This is unique in the post- 
Tommotian record, except for the Early Ordovician radiation. There is no 
reason to expect the youngest families to be best adapted to resist an unpre- 
dictable catastrophic event. This pattern thus indicates a major ecologic 
reorganization and suggests that the terminal Maestrichtian event was not 
the only, perhaps not even the major, cause for the peak in marine animal 
family extinction rate. A similar argument can also be developed for 
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ierrestrial biota (cf. Van VALEN & SLOAN 1977, Ricpy et al. 1984 on mammals; 
MULLER 1981, Hickey 1984, Knott 1984 on plants). 
Evidence for a catastrophic abiotic event at the Cretaceous/Tertiary 
oundary appears indeed undisputable (Smit & TEn Kate 1982, BoHor et al. 
984, Gitmore et al. 1984, Montanari et al. 1983, Smir & Kyte 1984, 
DFFICER & Drake 1985). Instantaneity of the Maestrichtian extinction, 
lowever, has only been claimed, and partly confirmed, for the pelagic 
Jlankton (Hsü et al. 1982 a, b; Smir 1982, THIERSTEIN 1982; but see PERCIVAL 
- FiscHER 1977, PERCH-NiELsen et al. 1982) and for a small assemblage of 
ırgely endemic brachiopods (SuRLYK & JOHANSEN 1984). It is widely debated 
or the dinosaurs (VAN VALEN & SLOAN 1977; RusELL 1979, 1984; SCHoPF 
1982; ARCHIBALD & CLEMES 1982; Van VALEN 1984 b). This will most likely 
emain so, for it is apparently beyond the resolution potential of paleon- 
peer to establish the pattern of global changes in dinosaur diversity within 
ine Maestrichtian (Horrman 1984). Yet the Maestrichtian extinction peak 
nvolves primarily cephalopod, sponge, bryozoan, echinoid, gastropod and 
ve families, with planktic extinctions playing only a negligible role. 
‘here is strong evidence against a major extinction among terrestrial plants 
NikLas et al. 1980; Hickey 1981, 1984; but see OrtH et al. 1981; Tscuupy 
t al. 1984) and against rapid, let alone instantaneous, extinction of the 
itmmonites (BIRKELUND & HaAKANsson 1982, Warp & SIGNOR 1983) and many 
pivalves (KAUFFMAN 1979, D’Honpr 1983). And there is no evidence for 
Instantaneous extinction of other macroinvertebrate groups, although the 
fossil record cannot rule out the possibility that either ammonites, or 
pivalves, or some other declining groups were affected by truncation 
Ne iscly, at the end of the Maestrichtian (W. Atvarez et al. 1984 b). 
The coincidence of the extinction peak with a wave of family origina- 
ions in the Maestrichtian seems to indicate a period of major ecologic 
reorganization that apparently resulted in a considerable drop in marine 
2nimal diversity. This ecologic reorganization began at least in the Early 
Maestrichtian and its effects may have been reinforced and accentuated by 
i-he terminal Cretaceous event. There is, however, insufficient evidence for 
the latter event being the only cause of mass extinction across the biota and 


i 


Ecosystems. 
Thus, even though the neutral model of diversification predicts that a 


number of extinction peaks coincide with origination peaks in the Phane- 
frozoic, analysis of particular patterns may offer additional clues to identify 
deterministic factors responsible for each individual case. 


Conclusions 


| The aim of this article is threefold. Firstly, to propose and evaluate a 
Ineutral model of biotic diversification, and to analyze its implications for 
research on peaks of extinction and other general features in the pattern of 
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Phanerozoic diversity. Secondly, to reconsider the validity of the unifor- 
mistic principle that all taxa of a given rank are comparable and thus justify)! 
the numerical analysis of such an abstract construct as their statistical 
average. Thirdly, to address the question whether the apparent unpredicta- | 
bility of macroscopic biologic patterns from microevolutionary (genetic and | 
ecologic) principles indicates the existence of macroevolutionary laws, or 
whether it merely results from the historical contingency due to the myriads | 
of biologic and geologic factors involved. i) 

The neutral model of diversification, assuming independent and essen-;; 
tially random variation in the average probabilistic rates of speciation and | 
species extinction, cannot be rejected on the basis of the available paleonto- |} 
logic data. While this result does not necessarily imply that the model is | 
correct, it raises serious doubts concerning other models of biotic diversifi- |) 
cation, since their assumptions are not independently corroborated. (As a | 
matter of fact, the widely accepted assumption of diversity dependence of | 
origination and extinction rates at the family level is untenable; HorrMan | 
1985 a). The corollary of this argument is that it is not the overall features of 
the pattern of Phanerozoic diversification that need to be explained in the! 
first place, but rather the individual phenomena and events. Inductive | 
generalizations may be attempted thereafter. The hypotheses relating marine | 
mass extinctions either to global regressive-transgressive cycles and subse- 
quent anoxia (Harzam 1978, 1981 a, b, 1984), or to global climatic events 
(FISCHER & ARTHUR 1977; FiscHER 1981, 1984), first of all climatic cooling | 
(STANLEY & CAMPBELL 1981; STANLEY 1984 a, b), may be cited in this context; | 
as well as the hypotheses relating the Early Phanerozoic explosive radiations | 
to phosphorus distribution in the ocean (HOFFMAN 1981, Cook & SHERGOLD 
1984). | 

This need for emphasis on individual phenomena refutes the uniformistic | 
perspective on the history of the biosphere. For insofar as individual events | 
are concerned, it no doubt matters very much, which particular taxa were | 
affected. This is well illustrated by the Maestrichtian extinction, for if the 
bulk of extinction comprises terrestrial biota and/or macroinvertebrate 
benthos rather than pelagic plankton, the available evidence does not 
support its causal relationship to the terminal Cretaceous abiotic event. 
Thus, analysis of diversity per se, be it at the family or at the species level, ' 
may be inadequate to understand historical patterns in the evolution of the 
biosphere. 

Finally, the claim for the necessity of macroevolutionary laws of biotic 
diversification is refuted by the apparent multitude of independent historical _ 
factors and arbitrary decisions that jointly shape the observed pattern of 
Phanerozoic diversity and allow for its interpretation within a simple | 
stochastic framework. Chance arising from the intersection of many 
independent processes produces macroscopic patterns of life, the particula- 
rities of which are unpredictable from microevolutionary principles. To 
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‘consider this unpredictability of the global diversity curve as an indication of 
incompleteness of the evolutionary theory would be equivalent to the claim 
-hat the unpredictability of each particular flip of a coin implies inadequacy 
f physics. 
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|| Abstract: For the time interval from Infracambrian through Lower Paleozoic of Iran, 
two different facies type areas are distinguished: a platform facies and a geosynclinal 
facies. The geosynclinal facies is characterized by a greater thickness of detrital 
| sediments, minor carbonates but a considerable amount of basic volcanics and locally 
—ultrabasic rocks. 

| The basement consolidation of the platform area must have been at least pre-Infra- 
| cambrian (Katangan/ Pan-African orogeny). In contrary, the basement rocks of the 
mobile zones are directly overlain by Ordovician or Silurian sequences. Here the 
consolidation of the basement is related to the late Baikalian (Cambrian) or early 
Caledonian orogeny. 

Following the Katangan orogeny, in the South Iran and the SE Central Iran evapo- 

| rites (salt and gypsum) were deposited, which accumulated later in domes and ridges 

under the large anticlinal structures. The distribution of these evaporite facies suggests 
| that during the late Precambrian - Cambrian Central Iran and Zagros were part of the 
_ same landmass. The uppermost Infracambrian to Lower Cambrian red clastic units, the 
Zaigun Formation and the Lalun Sandstone - both of continental deposition ~ reflect 
the terrain configuration after the Infracambrian epeirogenic uplift and emersion. The 
| Mila Group in East Iran and the Mila Formation in the Alborz represent beds of 
| shallow marine condition. They range from the early Middle Cambrian to Ordovician. 
Early Caledonian epeirogenic movements resulted in an uplifting of greater parts of 
| SW and East Iran. Only Central and Northwest Iran were depositional areas in Silurian 
| - Lower Devonian time. This sedimentary cycle on the platform area was terminated 
by the Eifelian hiatus. 

In the northern slope of the Alborz Mountain Range fundamental lithological 
differences appear on both sides of the North Iran suture. This suture line was an 
Upper Precambrian - Paleozoic plate boundary, dividing its southern carbonate shelf 
from the Scytho-Turanian active margin in the north. The ophiolite occurrences along 
this suture may represent the remnants of the Paleozoic Tethys. Lithofacies of the area 
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north of the North Iran suture shows all the characteristics of a geosynclinal facies. The 
closing of the Paleo-Tethys may have been related to the Hercynian orogeny in the 
Scytho-Turanian plate and was completed by the Early Kimmerian event (late Middle 
Triassic). 

In the Central Iran parts of the so-called Precambrian metamorphic basements are 
now proved to be of Paleozoic age (e.g. the Sirjan - Makran and the Anarak - Zeber- 
Kuh belts). These areas are lithologically comparable to the geosynclinal facies of the 
area north of the North Iran suture. The geodynamic of such Paleozoic metamorphic 
complexes (in geosynclinal facies) within the Iranian platform is still uncertain. 
However, some possible interpretations are discussed. 

The large economic chromite deposits in the SE Iran are not associated with the 
Mesozoic ophiolite as it was assumed previously but with the Paleozoic ultrabasic 
rocks. 


Key words: Infracambrian, Lower Paleozoic, lithofacies and isopach map, platform 
facies, geosynclinal facies, paleogeography, Katangan/Pan-African, Baikalian, 
Caledonian, Hercynian orogeny, Paleo-Tethys, plate tectonics, rifting; Iran. 


Zusammenfassung: Für den Zeitabschnitt Infrakambrium und unteres Paläozoikum 
des Iran werden zwei Faziesbereiche unterschieden: eine Plattform- und eine Geosyn- 
klinalfazies. Die Abfolgen der Geosynklinalfazies sind durch mächtigere detritische 
Sedimente, nur untergeordnet auftretende Carbonatgesteine, aber einen beträchtlichen 
Anteil an basischen Vulkaniten und lokal Ultrabasiten gekennzeichnet. 

Die Konsolidierung des Basements im Plattformgebiet muß mindestens prä-infra- 
kambrisch erfolgt sein (Katanga/Pan-Afrikanische Orogenese). Im Gegensatz dazu 
werden die Basement-Gesteine der Mobilzonen direkt von ordovizischen oder 
silurischen Serien überlagert. Hier ist die Konsolidierung des Grundgebirges in die spät- 
baikalische (kambrische) oder früh-kaledonische Orogenese einzustufen. 

Nach der Katanga-Orogenese wurden im Südiran und südöstlichen Zentral-Iran 
Evaporite abgelagert (Salz und Gips), welche sich später in Domen und Rücken unter 
den großen Antiklinalstrukturen aufwölbten. Die Verteilung dieser Evaporite läßt 
vermuten, daß während des späten Präkambriums und Kambriums der Zentral-Iran 
und das Zagrosgebiet einer gemeinsamen Landmasse angehörten. Die roten klastischen 
Serien des obersten Infrakambrium und Unterkambrium, nämlich die Zaigun- 
Formation und der Lalun-Sandstein - beides kontinentale Ablagerungen -, spiegeln 
die Landverteilung nach der infrakambrischen epirogenetischen Hebungs- und 
Auftauchphase wider. Die Mila-Gruppe im Ost-Iran und die Mila-Formation im Alborz 
stellen Schichtfolgen mit flachmarinem Ablagerungsmilieu dar. Sie reichen vom frühen 
Mittel-Kambrium bis in das Ordovizium. Frühkaledonische epirogenetische 
Bewegungen drückten sich in einer Hebung größerer Teile des SW-und Ost-Iran aus. 
Im Silur und Devon stellten nur der Zentral- und Nordwest-Iran Sedimentations- 
gebiete dar. Dieser Sedimentationszyklus auf dem Plattform-Gebiet wurde durch die 
Eifel-Schichtlücke beendet. 

Am Nordhang des Alborz-Gebirges ergeben sich beiderseits der Nordiran-Sutur 
grundsätzliche lithologische Unterschiede. Diese Sutur war eine oberpräkambrisch- 
paläozoische Plattengrenze, welche den südöstlichen Carbonatschelf vom scytho- 
turanischen “active margin” im Norden trennte. Die Ophiolith-Vorkommen entlang 
dieser Sutur könnten Überreste der paläozoischen Tethys darstellen. Die Lithofazies 
des Bereichs nördlich der Nord-Iran-Sutur zeigt alle Charakteristika einer Geosynkli- 
nalfazies. Die Schließung der Paläo-Tethys mag im Zusammenhang mit der herzy- 
nischen Orogenese in der Scytho-Turanischen Platte gestanden haben und wurde durch 
das frühkimmerische Ereignis (späte Mitteltrias) vervollständigt. 

Im Zentraliran erwiesen sich Teile des sogenannten präkambrischen metamorphen 
Basements als Paläozoikum (z. B. die Zonen von Sirjan - Makran und Anarak - Zeber- 
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uh). Diese Bereiche sind lithologisch mit der Geosynklinalfazies des Bereichs 
nördlich der Nordiran-Sutur vergleichbar. Die geodynamischen Vorgänge in diesen 
tpaläozoischen metamorphen Komplexen (in Geosynklinalfazies) innerhalb der 
ranischen Plattform sind noch nicht völlig geklärt. Es werden jedoch einige mögliche 
nterpretationen diskutiert. 

Die großen wirtschaftlich bedeutenden Chromitvorkommen im Südost-Iran sind 
nicht an die mesozoischen Ophiolithe gebunden, wie bis jetzt angenommen wurde, 
isondern an die paläozoischen ultrabasischen Gesteine. 


| 1. Introduction 

Consolidation of the Iranian basement by metamorphism, partial migma- 
tization and partly intense folding in late Precambrian has been attributed to 
ithe “Assyntian” or “Baikalian” orogeny by various authors, e.g. HUCKRIEDE 
‘et al. (1962), StécKLIN (1968), StOcKLIN & Nasavi (1973). The Assyntian 
(orogeny in Iran was followed by a long period of tectonic calm from the 
| Infracambrian to the Middle Triassic. The rock sequence deposited during 
{this time displays all the characteristics of a platform cover (STGCKLIN 1968, 
1974; Kirsten 1980). However this platform condition does not apply to the 
entire area of Iran. THIELE (1966) pointed to a Hercynian metamorphism in 
the Golpaygan area. HaGHipour & SaBzEHEI (1975) discussed mobile zones 
in the Central Iran, where rock complexes of the same age differ clearly from 
platform deposits. Detailed studies by various workers in the last ten years 
‘lead to the fact that parts of the so-called Precambrian metamorphic 
basement in Central Iran are of Paleozoic age e.g. Deh-Bid - Bawanat area 
NW of Sirjan (Arrıc & Vırrogeuy 1977), Esfandagheh area SE of Sirjan 
(HusHMANDZADEH 1977), Anarak area NE of Nain (DavoupzapeH et al. 
1981), Zeber-Kuh area in East Iran (SaHanpi et al. 1984). 

In North Iran fundamental lithological differences appear on both sides 
of the North Iran suture. This suture line was introduced as a Paleozoic to 
Middle Triassic plate boundary between Scytho-Turanian plates in the North 
(Eurasian) and the Iran plate in the south (Gondwanaland) by DavoupzADEH 
& ScHmIpT (1982). The North Iran suture passes from the northern slope of 
the Binalud Mountain (west of Mashhad) along the Kopet Dagh - East 
Alborz border into the Gorgan area and from there along the south Caspian 
into the Talesh area (west Alborz) and continues northwestward into the 
Minor Caucasus (Fig. 1). The significance of this suture is the clear Paleozoic- 
Triassic facies changes on both sides of the lineament and the Paleozoic 
ophiolite outcrops along this lineament. On the northern side of this suture 
several uplifts of Hercynian and/or Caledonian basement associated with 
basic and ultrabasic rocks are exposed (LENscH & DavoupzaDEH 1982). West 
of Mashhad (NE Iran) ultrabasic rocks are associated with greenschists and 
amphibolites. Sr6cKLin (1974, 1977) refers to this assemblage as ophiolites 
representing the remnants of a Paleotethys which separated the Gondwana 
and Eurasian continents until the Lower Triassic. Majıpı (1978, 1981) 
assumes that southern and northern blocks sealed and joined each other 
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during the Hercynian orogeny. Farther to the east DavouDZADEH (personal 


comm.) observed same ophiolite occurrences south of the Paleozoic-Triassic ~ 


window of the Aghdarband area (eastern Kopet Dagh). In the Talesh area (W 
Alborz) the Shanderman metamorphic complex consists of epizonal 
schistose and gneissose rocks associated with sheared ultrabasic rocks (Davies 
ét: ‘all 1972 CR RNIT 

_ The South Caspian - Minor Caucasus - North Anatolian ophiolitic belt 
is considered to be the major suture of the Paleozoic Tethys, dividing its 
southern carbonate shelf from the Turanian - Caucasus - Pontian active 
margin (ApamiA et al. 1981). From the Binalud area (NE Iran) towards the 


east, the main Hindu Kush lineament or “Hindu Kush fault” is conventio- | 


nally considered to be the northern-limit of the Paleozoic platform 
(St6cKLIN 1977). In the Ghorband and Panjshir valley and at the Amu Darya 
knee this lineament is accompanied by wedges of serpentinized ultrabasic 
rocks associated with schists of pre-Permian, probably early Carboniferous 
age. 

The aim of this paper is to describe the paleogeography and paleotec- 
tonics of the Infracambrian and Lower Paleozoic of Iran, defining tectoni- 
cally calm areas with platform facies as well as the geosynclinal facies of 
mobile zones. In this connection related tectonic movements and orogenic 
phases will be discussed. 


2. Paleogeography and lithofacies 


For the Infracambrian and Lower Paleozoic time interval in Iran two 
different lithofacies areas are distinguished: a platform facies and a geosyn- 
clinal facies. The geosynclinal facies is characterized by greater thicknesses of 
detrital sediments (shale, graywacke and sandstone), minor carbonate but 
huge amounts of basic volcanic rocks. In some parts ultrabasic rocks are 
associated with volcanic and/or sedimentary sequences (Fig. 5). 

The platform deposits are well developed in the main and southern 
Alborz Range, in the greater part of Central and East Iran as well as in SW 
Iran. The North Iran suture makes the northern termination of the platform 
regime of the Arabian-Iranian plate (Fig. 1, 3, 4). Lithofacies of the area 
north of this suture shows all the characteristics of a geosynclinal facies. 

Geosynclinal facies-type successions comparable in many respects to 
those of North Iran occur in some localities in Central Iran, e. g. Sirjan belt, 
Anarak and Saghand areas (NE and E of Nain) and probably in the Torud 
area. These outcrops are often bordered by faults. 

Only in limited parts of the platform area the basement is exposed. It 
consists of low-grade (greenschist facies) metamorphosed, fine-clastic 
sediments (Kahar Formation, Morad serie and Shorm Beds, Fig. 2) intruded 
by a leuco-granite (Doran Granite, Fig. 2). This slightly metamorphosed 
Precambrian basement is overlain with questionable unconformity by 2000- 
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3000 m of non-metamorphosed sedimentary rocks of Infracambrian age 
(Bayandor, Soltanieh and Barut Formations, Fig. 2). The Infracambrian 
sequences are conformably overlain by Cambrian strata. Therefore, the 
basement consolidation in these areas must be at least pre-Infracambrian. In 
contrast to the platform areas, the non-metamorphic Infracambrian forma- 
ions are not known in mobile zones. Here the basement rocks are overlain 
directly by Lower Paleozoic sequences not older than Ordovician (?) and 
robably Silurian. 

According to Kuain (1975) the Baikalian stage came to an end in the 
Caucasus as late as Cambrian time, in contrary to the more southern part of 
ithe alpine belt (Iran and Anatolian), where it ended at Vendian (Infra- 
icambrian) time. The area north of the North Iran suture and probably also 
the mobile zone of Central Iran may be correlated to the Baikalian stage of 
| area. If this assumption is correct, the two facies areas have also 
Idifferent basements: Baikalian stage (Cambrian) for the geosynclinal and 
jmobile zones and “Assyntian” or Katangan/Pan-African orogeny (pre-Infra- 
| alee for the platform area. 

The term “Assyntian” and “Baikalian” orogeny were used alternatively for 
Ithe Upper Precambrian basement consolidation of Iran by Sröckuın (1968, 
11974) and StöckLIn & Napavi (1973). The Baikalian orogeny which was 
inamed after the Lake Baikal in Siberia is used widely in the USSR. There 
different phases have been recognized for the Baikalian orogeny, some 
essed into the Early Cambrian. However, the Iranian basement has a 
‚different geological history than the Scytho-Turanian basement in the north 
ppd they were probably separated from each other by the Paleo-Tethys. 
Therefore we suggest that the term Baikalian orogeny should be restricted for 
ithe basement consolidation in the northern parts of the North Iran suture. 


For the consolidation of the Iranian basement which was linked to the 


/Atabian-African plate we may use the Term “Katangan/Pan-African”. 


24 Platform facies 


Except for the partial change from evaporites to dolomites, Infracam- 
brian-Cambrian epicontinental deposition seems to have been perfectly 
continuous from the Zagros area across the later thrust line to Central and 
North Iran (Fig. 2, sec. 1 and 2). These facts make us believe that during the 
Paleozoic Iran formed part of a continuous, undivided Arabian-Iranian 
platform and thus was part of Gondwanaland. The Lower Paleozoic platform 
facies of Iran indicates an epicontinental environment with alternating 
shallow-marine, lagoonal, and continental deposits (STOCKLIN 1968, LENSCH 
et al. 1984). 


2.1.1 Infracambrian 
Infracambrian rock units in Iran were deposited over large areas after the 
Katangan (Assyntic) tectonic phase. These movements gently folded and 
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Bi 2. Correlation of the platform facies of the Upper Precambrian - Ordovician 


formations of Iran. For the locations see Fig. 1. 
Sections after: 1 SrécKLIN (1974), 2 Stöckuın et al. (1965), 3 Meyer (1967), SIEBER 
1970), 4 RUTTNER et al. (1968), 5 Zanepr (1973), 6 HUCKRIEDE et ala (i962)! 
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uplifted Precambrian fine clastic, flysch-type sediments (Kahar Formation, % 
Morad Serie and Shorm Beds) along Katangan trends and caused, by epeiro-! 
genic uplifting, the emergence of low land areas in West Iran, in east Central) 
Iran and probably also in East Iran. Also a low swell zone may already have 4 
separated Central Iran from SW Iran. The Katangan movements were accom-/} 
panied by granite intrusions (Doran Granite). This Upper Precambrian alkali-% 
enriched Doran Granite of Iran seems to be equivalents of the 600 m. y.! 
younger granites of Arabia (ScuMipT et al. 1973, 1978). Late Precambrian § 
post-orogenic volcanics are partly the extrusive equivalent of the Doran} 
Granite and consist mainly of alkali rhyolite, rhyolite tuff and quartz’ 
porphyry from the Gharadash Formation in NW Iran (StOcKLIN 1972), the | 
Taknar Formation in the Kashmar region NE Iran (RAZAGHMANESH 1968, 
MÜLLER & WaLter 1984), the Rizu-Desu Serie in the Kerman area 
(HuckrIEDE et al. 1962, Forster et al. 1973) and the rhyolite in the Hormoz 
Formation in Zagros area. Partly, in SE-Central and South Iran, the lavas and‘ 
haematitic tuffs were laid down in shallow marine sinking basin areas | 
together with a sequence of evaporites (salt and gypsum) and thinly! 
laminated dolomites, which contain a considerable amount of iron sulfide’ 
and bituminous matter (Kirsten 1980). This Hormoz Formation of South 4 
Iran and Rizu, Desu and Ravar Formations of SE-Central Iran (Kerman -" 
Ravar area) were greatly disturbed and disrupted by later diapiric|! 
movements. The Hormoz Salt was deposited in basins, part of which now lie 
along the north and east side of the Arabian peninsula. The Hormoz Salt | 
was deposited in basin on the peneplained Arabian Shield. The distribution % 
of these sedimentary facies suggest that during late Precambrian the Central § 
Iran and Zagros together with the Salt Range of Pakistan were part of theil 
same landmass and were partly covered by common shallow sea. The evapo- 
rites are accumulated in domes and ridges under the large anticlinal struc- | 
tures of the Fars province (SE Zagros) and appear now as salt plugs and 4 
disturbed anticlinal cores (Desu Formation) with residual dolomites and! 
recrystallized volcanic-tuffaceous block masses (Fig. 1). | 

The original thickness and sequence can only be estimated and may 
amount to more than 1000 m in the depocenter of the Hormoz salt basin! 
and to more than 500 m or even 1000 m in the Ravar salt basin, Central Iran | 
(Ravar Formation). 

From the distribution of the salt plugs and from seismic records we may! 
assume that the Hormoz salt basin was limited on the west by meridional 
trending basement faults and to the NE by the pre-Zagros swell (Fig. 1). | 

The Ravar salt basin was probably also limited on the east by flexures and | 
faults against the later Lut Block and to the north by the Kalmard — 
Nayband high (Fig. 1). ! 

In Central and NW Iran the Infracambrian rock units are mainly shallow | 
water shelf platform carbonates, which interfinger towards the North Iran 
suture with brown, fine-grained sandstone-shale sequences. The latter were ! 
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efined as Bayandor Formation (Fig. 1 and 2). The carbonates are stromato- 
thic dolomites of the Soltanieh Formation, and the laminated, breccious 
olomites and siliceous limestone with red-brown silt intercalations belong 
p the Barut Formation. The Chapoghlu Shale member, calcareous and sili- 
cous mudstones, are intercalated in the Soltanieh Dolomite in thickness of 
everal hundred meters in the Soltanieh Mountain, in the Central Alborz 
ange and in East Iran. They may represent deeper and quieter water condi- 
ons. 

The whole Infracambrian sequence reaches a thickness of more than 
00 m in the depocenter of the Soltanieh Mountains and more than 1000 
in the embayment of E-Central Iran, north of the Kalmard - Nayband 
Ind area. The shelf extended between the pre-Zagros swell and the Kalmard- 
Nayband Horst southeastward, but its western limits are uncertain (Fig. 1). It 
likely that the northern extension of the Oman - Nayband line represents 
iso the SE limit of the Soltanieh shelf area. 

_ The cycle of Infracambrian sedimentation was concluded in North and 
Jentral Iran and probably also in SW Iran by a regressive phase and by the 
eposition of red shales and siltstones of the Zaigun Formation, under partly 
ıb-aeric conditions and in an arid environment. We included these conti- 
tental beds in the suite of Cambrian - Ordovician rocks, since in regional 
happing the Zaigun Formation (which may still be Infracambrian age) was 
Ines together with the lower Cambrian Lalun Sandstone (Fig. 1). 
In the NE Central Iranian Infracambrian embayment, widely mixed 
hasses of laminated dolomites, dolomitic shales, evaporites and basic 
lolcanic rocks (hornblende and olivine augite dolerites) - the Kalshaneh 
ormation (RUTTNER et al. 1968) - are found in fault and normal contact 
bh the lower Cambrian sandstone and at the base of the Cambrian Mila 
sroup (Fig. 2, sec. 4). This evaporitic-volcanic sequence has probably more 
ia 1000 m thickness and resembles somewhat the diapiric Ravar 
jormation. The unit can be regarded as a product of evaporite-dolomite 
iormation in a relic shallow sea, remaining in NE-Central Iran after emersion 
hs regression of other parts of the platform or as a precursory evaporitic- 
‘olcanic sequence at the beginning of the Cambrian marine transgression. 
| Although the stratigraphic position of the Kalshaneh Formation between 
i Lalun Sandstone and the Mila Group suggests a Cambrian age for this 
‘ormation, we have shown it as volcanic-evaporitic unit on the map of the 


— units (Fig. 1). 

1.2 Cambrian-Ordovician 

The uppermost Infracambrian to lower Cambrian red clastic units, the 
Zaigun Formation and Lalun Sandstone both of continental deposition, 
eflect the terrain configuration after the Infracambrian epeirogenic uplifting 
nd emersion. The areas of great Zaigun-Lalun thickness (up to 1000 m) 
enerally correspond to the former depocenters on the Infracambrian marine 
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“platform. In Lower Cambrian time areas of non-deposition /erosion also 
femain on the former Infracambrian land areas, such as the pre-Zagros swell 
and in the Posht-e-Badam - Kalmard - Nayband hills, which extended in 
N ower Cambrian time further south along an incipient horst zone of Bafq 
hrea E of Yazd (Fig. 3). 

In East Iran the eastern boundaries of the former Ravar salt basins may 
inave been transgressed during the Zaigun-Lalun red bed deposition. No 
nformation is at hand about conditions west of the former Hormoz salt 
ae in Lower Cambrian times, since deep wells in SW Iran did not 
\benetrate the Lower Cambrian units (Huser 1979). 

| In the Lower Cambrian a beginning shallow marine transgression is 
‚ndicated by red-green shales and dolomites with Cruziana traces and by the 
Nwhite top quartzite of the Lalun Sandstone, which can probably be regarded 
as a uniform marine sand cover (Fig. 2). 

The Mila Group (in East Iran) and the Mila Formation (in Alborz) 
represent beds of shallow marine condition. They range in age from early 
NMiddle Cambrian to Ordovician and indicate a continuous marine platform 
sequence. Since erosion following the early Caledonian epeirogenic uplifting 
thas partly or completely eroded the Mila Formation in the Alborz Range, in 
entral and NW Iran, the isopachs were based on the most complete 
sections, which partly include Ordovician shale top beds (Fig. 3). 

| Depocenters of the Mila Group are in the NE-Central Iranian 
tembayment and in the Shirgesht area (N of Tabas), where more than 2000 m 
Hof dolomites, limestones, siltstones, marls and shales with a rich fauna of 
trilobites, brachiopods, bryozoans, cephalopods and rare graptolites were 
trecorded (RUTTNER et al. 1968). Other depocenters are in the SE-Central 
1Alborz (500-700 m), in the Soltanieh Mountains (500-600 m) and in the 
area north of Esfahan (Fig. 3). 

The pre-Zagros swell seems to have persisted as a divider between the 
south Central and SW Iran depositional areas. The Mila Group pinches out 
against the Posht-e-Badam - Kalmard - Nayband high and on the Bafg uplift 
\(E of Yazd). Towards the South Caspian land area, the Mila Formation is first 
dreplaced by the upper Cambrian - Ordovician Lashkarak Formation and 
pp saally diminishes in thickness. 

| In Southwest Iran equivalents of the Mila Group are represented by the 
}Zard-Kuh Formation which accumulate thicknesses of more than 1000 m, 
dbut is thinning from a depocenter in the Zard-Kuh (80 km SW of 
‘Golpaygan) to the southeast (Kuh-e-Dinar) and northwest (Oshtoran-Kuh). 
|The great amount of detrital mica points to a metamorphic basement high 
on the pre-Zagros swell. 

In addition to the Mila Group, Ordovician to Silurian shales and 
Jsandstones with graptolites are reported from the Kuh-e-Faraghan (N of 
Bandar Abbas) in thickness of up to 800 m (Fig. 3). This Ordovician - 
Silurian shale facies may extend throughout the Zagros Fold Belt into 
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Lorestan and may correspond in its lower part to the Zard-Kuh Formation. 
Deep well records indicate a gradual pinching out of pre-Permian Paleozoic 
rock units towards the southwest, to the Arabian platform (Huser 1979). 


2.1.3 Silurian to Lower Devonian 


Early Caledonian tectonic movements resulted in an uplifting of West | 
and South Iran and caused emergence of the South Caspian and Central | 


Alborz area, which were temporarily linked to the West Iranian land 


platform. The pre-Zagros swell emerged with a large low land area in South- i 


West Iran and remained free of marine ingressions in Silurian - early 


Devonian time. Central and NW-Central Iran were depositional areas in | 


Silurian - early Devonian time (Fig. 4). 


A separate epicontinental sea extended from the W Alborz area to NW | 


Iran, and in Lower Devonian time to the Armenian Sea in SW-USSR. 


After a period of regression in late Ordovician - early Silurian time, } 


tensional stress opened the way for the extrusion of basaltic lava sheets in 
the east Alborz, in east Central Iran, in the Kerman and in Esfahan - Soh 
area. In east Central Iran, the Soltan Maidan basalts are at the base of the 


Niur Formation, a predominantly shallow water platform limestone and ) 


dolomite sequence with corals, brachiopods, conodonts (age: early Silurian 
to early Devonian, Weppice 1984). This marine fossiliferous facies which 
laterally interfingers with fine-clastics and sandstones, is only developed in 


the Shirgesht - Ozbak-Kuh area and, to a certain extent in NE-Central and } 


SW-Central Iran in thicknesses of about 500 m. The Niur Formation is 
conformably succeeded in the type section area by lower Devonian 
sandstone and dolomite with gypsum intercalations, 500 to 700 m thick, 
which were defined as Padeha Formation. The upper contact is sharp and an 
erosion surface terminating this sedimentary cycle of the Gush Kamar group 
- Niur and Padeha Formations - (Fig. 2 and 4). 

In NE Iran and the east Alborz area, the Padeha Formation increasingly 
passes into Old Red-type sandstones with components, supplied from the 
South Caspian land mass, from exposed areas in East Iran and from the 
Khur-Kalmorz-Nayband land mass in the south. In the Kerman area 
several SE extensions of the land in the Bafq and Buhabad area were the 
source for the Lower Devonian Old Red-type sandstone. In the Soh- 
Esfahan area, the Old Red-type sandstone reaches thicknesses of more than 
500 m and was supplied from the west Iran and pre-Zagros swell land areas 
(Fig. 4). 

West of Ardekan - Yazd, marine beds (coral limestones and dolomites) - 
equivalents of the Niur Formation in a thickness of 200 m - are at the base 
of the Old Red-type sandstones. In this area as well as in the area SW of 
Kerman (Kuh-e-Daviran), the Silurian - Lower Devonian sequence reaches 
thicknesses of about 1000 m. In the other depocenter in the Shirgesht - Oz- 
bak-Kuh area (N of Tabas) a maximum of 1500 m is locally reached (Fig. 4). 
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Dolomite and gypsum intercalations in the Padeha Formation are : 
frequent in the depocenter areas, but they give way to terrigenous clastics « 
and a diminished thickness towards the south Central Alborz land area in | 
the region south of Gorgan. There, the Old Red-type quartz-arenitic to ) 
graywacke Padeha sandstone overlies directly the Soltan Maidan basalt in a ‚| 
thickness of less than 200 m. 

_ In NW Iran pre-Permian early upper Paleozoic rocks are restricted to a } 
basin area NE of the Tabriz - Zanjan line. 

In the area NW of Tabriz, brown-red sandstones and mainly a sandy, gray, 
partly siliceous dolomite sequence yielded rich fauna. Corals in limestone 4 
intercalations and fish remains in the sandstone both suggest an early } 
Devonian age. This Nuli Formation - 1250 m thick in the type section east } 
of the Ararat - is succeeded by Middle - Upper Devonian basal parts of the | 
Ilangareh Formation containing tentaculites. The sandy-carbonatic Lower 
Devonian sequence is also recorded from USSR Armenia in a thickness of | 
1500 m. f 

The Silurian to Lower Devonian sedimentary cycle on the platform area # 
was concluded by the Eifelian hiatus (Fig. 2). | 


2.1.4 Paleozoic rocks of southwest Iran 

The Paleozoic rocks of southwest Iran have not been studied in detail. A 
summary of it is given by SETUDEHNIA (1972). They are mainly exposed along 
the Zagros Thrust Zone. The only outcrops farther to the SW of the Thrust 
zone are those of Kuh-e-Surmeh in Fars province which expose Ordovician, | 
Carboniferous (?) and Permian sediments. | 

The Cambrian sediments are exposed only in Kuh-e-Dinar, Zard-Kuh and | 
Oshtoran-Kuh along the thrust zone. The best and most complete exposure | 
of Cambrian rocks is found in Chal Parwari, Kuh-e-Dinar where about 1350 i 
m of sediments are exposed. In this section the lowest 500 m consist of red 


Above this unit lie 280 m of a pink, laminated sandstone which may be i 
correlated with the Zaigun Formation. These are followed by 390 m of } 
mainly sandstone with some white sandstone layers and red silts. In the | 
upper portion of this unit red shale with a white sandstone layer at the top is | 
present. This unit may correlate with the Lalun Sandstone. The uppermost ı 
unit of the Cambrian succession in Chal Parwari consists of 170 m of dark 4 
and yellow limestone interbedded with red shale. The upper portion of this ¢ 
unit is composed of marls and shales containing trilobites. This unit may 
correlate with the Mila Formation. These Cambrian sediments are overlain } 
unconformably by sandstone, limestone and dolomites of Permo-Carboni- / 
ferous age in the Kuh-e-Dinar, Zard-Kuh and Oshtoran-Kuh mountain | 
ranges. i 

Ordovician and Silurian sediments are reported from the Kuh-e-Surmeh, | 
Kuh-e-Gahkum and Kuh-e-Faraghun in Fars province. The unit is composed | 
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ainly of shales with sandstone intercalations. Graptolites were recorded 
Te these sediments. At Kuh-e-Surmeh the Ordovician which is over 60 m 
thick is overlain disconformably by sandstones of probably Carboniferous 
ge. At Faraghun and Gahkum the Silurian shales and sandstones are 
pverlain disconformably by sandstones of probably Carboniferous age. The 
thickness of the Silurian in the Gahkum area is about 120 m. The bases of 
. The Ordovician sediments of Kuh-e-Surmeh and Silurian sediments of the 
iGahkum - Faraghun area are not exposed. 
Known Devonian is nowhere present in SW Iran. The Carboniferous 
sandstone is a very consistent unit, being present beneath the Permian 
iimestone wherever the base of this limestone is exposed. This Carboniferous 
sandstone is disconformably underlain by Cambrian sediments in the Kuh-e- 
Dinar, Zard-Kuh and Oshtoran-Kuh area. It is also disconformably underlain 
oy Ordovician and Silurian sediments in the Kuh-e-Surmeh and Gahkum - 
Saraghun area respectively. 

The upper boundary of the Carboniferous with the Permian is uncertain. 
‘The two units are often combined and refered to as Permo-Carboniferous. 


2.2 Geosynclinal facies 


In contrast to the Infracambrian - Lower Paleozoic platform areas with 
picontinental-shallow marine sediments, the Paleozoic rocks of the geosyn- 
linal facies has the following characteristics: 


- Greater thickness of detrital sediments (shale, greywacke and 
sandstone). 
- Minor carbonate, but huge amounts of basic volcanic rocks. 
- In places basic intrusions and ultrabasic rocks (ophiolite) are associated 
with volcanic and/or sedimentary rocks. 

- Syntectonic metamorphism and post tectonic intrusions are referable 
Ly Baikalian/Caledonian and Hercynian orogeny, superimposed by Early 
Kimmerian events. 


62.1 North Iran 

North to the North Iran suture on the Paleozoic active margin of Eurasia 
characteristic eugeosynclinal and orogenic facies prevail. The oldest known 
basement in this area are the Shanderman and the Gasht metamorphic 
omplexes in Talesh area (W of Rasht) and the Gorgan Schist in Gorgan 
area. They may be attributed to the late Baikalian or early Caledonian 
orogenic phase. Volcanic rocks are present in these complexes, the primary 
weosynclinal nature of which is obvious. 
Talesh area (W of Rasht): The Geology of the Talesh area has been 
studied in detail by Daviss et al. (1972) and Crarx et al. (1975). According 
to them the Shanderman metamorphic complex consists of true epizonal 
kchistose and gneissose rocks of medium-grain, associated with distinct belts 
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of sheared ultrabasic rock (Fig. 5, sec. 7). Petrographically the rocks of this 


complex are most commonly actinolite-garnet-zoisite-moscovite schists or 


fine-grained gneisses with minor quartz and albite. The rocks of this complex 
appear to be restricted in their distribution by high-angle faults. 

Some facts which may indicate the origin of the Baikalian North Iran 
geosyncline on oceanic crust, are outcrops of serpentinized ultramafics 
associated with the Shanderman metamorphic complex. Similar ultrabasic 
rocks are present in the Baikalian Caucasus geosyncline (Kuaın 1975). There 
the serpentinites are pre-Silurian and perhaps even pre-Ordovician and their 


occurrence near the surface may correspond to the period of Baikalian | 


geosyncline formation. 

The Gasht metamorphic complex is divided into two divisions: A lower 
division consisting of schistose to gneissose metasedimentary and some 
metavolcanic rocks. Pelitic metasediments with some more calcareous types 


are present. The upper division consists of schistose phyllite and low-grade | 


micaschist with quartzitic intercalations, rare conglomeratic layers, some 
metavolcanics (Fig. 5, sec. 7). 
It seems reasonable to assume that the original sedimentation of the 


complex should be regarded as Precambrian, although the metamorphic | 


episodes could, at least partly be younger. The high-grade gneisses and 
micaschists have been analyzed for Rb-Sr dating. They give an isochron, on 
which also falls a schistose phyllite from the Masuleh valley, the age 
indicated being Mid-Devonian (375 + 12 m.y. as found by Crawrorp 1977). 

Upper Cambrian and Ordovician rocks are still unknown in the Talesh 
area. It is likely that throughout most of that time denudation prevailed 
there, and hence the Caledonian stage in the Caucasus - South Caspian 
area was characterized by moderate uplifting and erosion associated with the 
Baikalian consolidation. Near the end of the Ordovician or during the 
Silurian this epi-Baikalian platform was broken again and at this time the 
Hercynian eugeosyncline was established (Fig. 3 and 4). 

Upper Ordovician, Silurian and Lower Devonian stages have been 
paleontologically confirmed in Talesh area (Crark et al. 1975). The thickness 
does not exceed some 350 m. It consists of basic lava, tuffaceous sediments 
and sandy to calcareous sediments. The base of the cover rocks is Lower 
Carboniferous and rests unconformably on the older rocks. The tectonic and 
metamorphic event could be either a very late Caledonian or early 
Hercynian. 

Binalud Range (Mashhad area): North of the Binalud Range the 
NW-SE trending Sangbast-Shandiz fault (a reactivated fault zone on the 


North Iran suture) separates sharply the Infracambrian - Paleozoic platform — 
facies in the south from a Paleozoic metamorphic complex in the north (Fig. 
1, 3 and 4). South of the Sangbast - Shandiz fault non metamorphosed Infra- 


cambrian - Paleozoic sequences of typical platform facies similar to those 
formations in the Shirgesht - Tabas area (East Iran) are exposed. The rock 


) 
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Fig. 5. Correlation of the geosynclinal facies of the Paleozoic formations of Iran. For 


the locations see fig. 1, 3, 4. 
Sections after: 7 Davıss et al. (1972), CLark et al. (1975), 8 DAVOUDZADEN & SHAHRABI 


ı (1974), Mayını (1978), 9 Davounzanen et al. (1969, 1981), Nasavı et al. (1984), 
10 Husmmannd-ZADEH (1977). 
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sequences are often faulted. However, Soltanieh Dolomite, Lalun Sandstone, 
Cambrian trilobite-bearing limestone as well as Silurian-Devonian Niur, 
Padeha and Bahram Formations and possibly Carboniferous formations are 
well exposed. The thicknesses are reduced as compared to the East Iran. 

North of the North Iran suture a metamorphic complex consisting of 
sedimentary and volcanic rocks, interbedded with ultrabasic units is exposed 
(Fig. 5, Sec. 8). The sedimentary rocks are mainly pelitic, now partly stauro- 
lite-garnet schists. Some calcareous intercalations also occur. Red-banded 
chert (radiolarite) immediately overlies the volcanic units. A thick band of 
limestone is present in the lower part of the sequence. Basic and ultrabasic 
lava flows are interbedded in these sediments. A Devonian - Carboniferous 
age is assigned to these rocks (Mayıpı 1978). This is based on comparison 
with equivalent but less metamorphosed fossil-bearing sandstones to the 
south. The sequence is unconformably overlain by microfossil-bearing 
Permo-Carboniferous limestone north of Fariman. The metamorphism and 
deformation is thus thought to be related to an Early Hercynian orogenic 
phase. 

Detailed stratigraphy in the metamorphic sequence is not possible and its 
basement is unknown (Fig. 5, sec. 8). 

Mafic-ultramafic rocks exposed in the Binalud area range from ultrabasic 
cumulates (wehrlite) to the rocks of tholeiitic composition. These rocks are 
intercalated with the Devonian-Carboniferous pelites. They occur in a 
stratigraphic interval of about 1500 m, the thickness of individual units 
ranging from a few meters up to 70 m. These rocks can be traced over 140 
km in the northern parts of the Binalud Mountains. Chemical analyses of 60 
rock samples were carried out. Detail data interpretation is in work. The 
ultrabasic rocks (dunite, harzburgite, lherzolite, pyroxenite, serpentinite) of 
Mashhad are geochemically characterized by relatively low MgO and CaO 
contents and high Fe,O; and Al,O; values. The basites show a common 
chemistry following the fractionation trends. 

Towards the east in the Aghdarband area (eastern Kopet Dagh), Upper 
Devonian conodont-bearing clastic sediments transgressed with a basal 
conglomerate on a marble-schists complex. This metamorphism is very likely 
to be of Baikalian age. The slightly metamorphosed Upper Devonian, and 
probably younger Paleozoic rock sequences are unconformably overlain by 


non-metamorphosed Permian conglomerates and sandstones (RUTTNER, 
written comm.). 


2,22 Central Iran 
In some parts of the Central Iranian platform, Paleozoic metamorphic 
rocks in geosynclinal facies occur. These outcrops are mainly limited by 
faults and their geodynamic interpretation is yet not quite definite. 
Anarak area (NE of Nain): The Anarak metamorphic complex is 
composed of crystalline limestone, marble, dolomite, micaschist, phyllite, 
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metavolcanics and patches of ultrabasic rocks (Fig. 5, sec. 9). The mineral 
issemblage indicates greenschist facies metamorphism. The Anarak 
metamorphic complex has a visible thickness of 4000-5000 m and consists 
pf different schist and carbonate units. The stratigraphic position of the 
various units of the complex as well as their age has been very disputed and 
till is not certain. DavoupzapeEH et al. (1969, 1972) found components of 
the Anarak metamorphics in the Middle Triassic conglomerate (Bagoroq 
Formation). Therefore, a pre-Middle Triassic age of the Anarak meta- 
morphics was definitely proved. Sananpı & Amını-Fazı (1979) reported 
crinoids from crystalline limestone in Kuh-e-Lak (SE of Anarak) and Dareh- 
Anjir (NW of Anarak). Davoupzapen et al. (1981) correlated the Anarak 
metamorphics with the Hercynian metamorphic units of NW Afghanistan 
hnd divided the complex into four units. Napavı et al. (1984) reported 
Further fossils found in the Anarak metamorphic complex. Beside crinoids, 
-orals and algae they also found conodonts which were identified as 
!Devonian for the Dareh-Anjir marble and Permian for the Kuh-e-Lak 
crystalline limestone/dolomite. They also recognized an unconformity 
Yoetween the limestone/dolomite of Kuh-e-Lak and the older metamorphic 

equence. Combining all these informations we may tentatively suggest a 
N esupbic section as sec. 9 of Fig. 5 for the Anarak metamorphic complex. 


| 


37 samples of basic to ultrabasic rocks associated with the Anarak 
imetamorphics were analysed for major and trace elements. First results 
| that they are geochemically characterized by high MgO values 


except pyroxenite) and only low concentrations of Al,O3 and CaO. The 
Ibasic rocks have high Al,O; (av. 17,24 %), low Fe,O; (av. 7.17%) and very 
llow TiO, contents (av. 0.35%). 
| In the Zeber-Kuh area (NE of Tabas, East Iran), a metamorphic 
sequence consisting of phyllites, metasandstone, crystalline limestone, 
Idolomite and metabasalt was named Zeber-Kuh Beds and tentatively 
jassigned to the Infracambrian by Rutrner et al. (1970). Sananpr et al. (1984) 
found fossils (e. g. Brachiopods identified as cf. Lingulella sp. and Billingsella 
sp.) in Zeber-Kuh Beds indicating Lower Paleozoic age for the sequence. 
According to SAHANDI et al. (1984) the Zeber-Kuh Beds and the Carboni- 
ferous (?) phyllites have suffered a low grade (greenschist facies) 
metamorphism and might well be of Hercynian age. 

In the Torud area the Paleozoic metamorphic complex consists of 
predominantly clastic and carbonate rocks but the volcanics are missing or 
very subordinate. Corals were found in these metamorphic rocks (8 km N of 
Reshm) which were assigned to the Lower Paleozoic and probably Lower- 
Middle Devonian or ? Silurian age (THIELE 1966, 1970). According to THIELE, 
the metamorphism of the Torud area is most probably Caledonian. However, 
he does not exclude the possibility of a Hercynian or Early Kimmerian 
metamorphism in this area. 

In the Sirjan area the Paleozoic metamorphic sequence is about 5000 
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m thick (Fig. 5, sec. 10). It consists of various types of rocks such as carbo- | 


nates, pelitic and psammitic rocks and basic volcanics. According to 
HusHMANb-ZADEH (1977), the whole sequence was deformed and metamor- 
phosed in Triassic time and unmetamorphosed Lower Jurassic rests over it 
with an angular unconformity. The metamorphism and deformation is of a 
heterogeneous character. In some places the Lower Permian turbidites are 
unmetamorphosed or Middle - Upper Permian is lying over the metamor- 


phosed sequence with a red basal conglomerate and sandstone. It seems that - 


the sequence has gone through at least two deformational phases; the first 


one is Hercynian (Upper Carboniferous) and the second one Early ' 


Kimmerian (Upper Triassic). 

The Ebrahimabad unit (Fig. 5, sec. 10) has a Silurian - Devonian age 
(HusHMAND-ZapeEH 1977) and is overlain with angular unconformity by the 
pre-Silurian metamorphic complex. K/Ar radiometric dating indicates 404 


+8 - 362 +7 my. for biotites from a granite-gneiss of pre-Silurian ; 


metamorphic of the Ghouri area. 


The Makran Range (SE Iran) has recently been mapped geologically | 
(1: 100.000 and 1:250.000) by the geologists of a joint Iranian/Australian _ 
consulting group. The exposed basement of the Makran Range is a meta- | 


morphic complex consisting of pelitic schist, psammitic schist, calc-silicate, 
amphibolite, recrystallized limestone and marble. The grade of meta- 
morphism is greenschist to amphibolite facies. These metamorphic rocks are 
called Bajgan complex (GSI*, 1980; map sheet Now-Dez) in the northwest 


and western part of the belt (Now-Dez and Kahnuj areas). It is narrowing | 


and pinching out towards the east and reappears again some 150 km to the 
east where it is called Deyadar complex (GSI, 1981; map sheet Ramak). Still 
farther to the east ARsHADI (1982) used the name Azava for the same rock 
complex in the Fanuj area. In Ramak sheet (GSI 1981) it is emphasized that 
certain recrystallized limestones in the Deyader complex are very similar to 
those of the Bajgan complex, which is of Paleozoic age. 

Age determinations by the K-Ar method on biotite in a micaschist from 
the Bajgan complex give an age of 79.5 +2 m.y. and in the Kahnuj area 90.6 
+2 my. They give a Senonian age for the last phase of regional 
metamorphism (GSI 1980; map sheet Now-Dez). However, they correlate the 
Bajgan complex with the metamorphic rock of Esfandagheh area farther to 


the north, where the main episode of metamorphism is pre-Jurassic and - 
probably of the Hercynian/Early Kimmerian age. From this evidence they — 


conclude that the age of the Bajgan complex is considered to be Paleozoic to 
Cretaceous. Small outcrops of Permian crinoidal and fusulinid clastic 
limestone, calcareous sandstone and pebble conglomerate are present in the 
area. Upper Permian limestones containing Schwagerina sp. are reported 
from the Fanuj area (eastern part of the belt) by Arswapi (1982). 


*GSI = Geological Survey of Iran 
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According to our opinion, the Bajgan, Deyader and Azava complexes are 
ne same metamorphic rock units and are most probably of Paleozoic age. 
heir metamorphism belongs to the Hercynian orogeny. 

Ultrabasic rocks within the Bajgan complex: The metamorphic complex 
contains larger and smaller serpentinized ultrabasic bodies consisting of 
hassive serpentinized dunite with minor wehrlite, and it is intersected by 
odiform chromite and magnesite veins. The dunites are tectonites. The 
rehrlite is similar to the dunites but contains up to 10% clinopyroxene. The 
hromite is massive and has a brecciated aspect. The ultrabasic bodies are 
variably bordered by faults or by tectonized contacts. These bodies are 
ommonly mantled by highly tectonized serpentinites. The age of these 
locks are given as unknown (GSI, 100.000 map series). Radiometric dating 
in pyroxene by the K-Ar method has yielded an age of 476 +35 m.y. The 
)rdovician age is thought to be that of the recrystallization in the mantle 
‘SSI 1980, map sheet Minab). However, it is very likely that these ultrabasic 
odies are associated with the Bajgan metamorphic complex like the ultra- 
"asic rocks in the Anarak metamorphics and other ultrabasic occurrences in 
Ihe Paleozoic metamorphics of Iran. In this case the radiometric dating 476 


535 m.y. could also be the true age of these ultrabasic rocks. 

| In the Makran Range at least 7 large and 12 small ultrabasic bodies occur 
Vithin the Bajgan metamorphic complex. One of the largest is the 
[Ekaband ultrabasics which is 18 km long and up to 6 km wide. It is faulted 
igainst the Mesozoic Colored Melange complex to the west and against the 
bajgan complex to the east and consists of a rhythmic layering of dunite and 
»yroxene-rich rocks and more monotonous ultramafics in which layering is 
hrely conspicuous. Chromitite is the only rock that is laminated and 
reserves true cumulate texture. The thicker bands are mined in Shahin 
Chromite Mines and may contain up to 90% chromite with accessory 
blivine. Rare accessory minerals in the chromitites are chrome-diopside, 
‘varovite and stichtite or kammererite. Chromite has been mined for over 
iwenty years at Shahin Mine in the Sorkhband ultrabasics. In Kuh-e-Garuk 
22 km SW of Kahnuj) and in Kuh-e-Kolkahan (Now-Dez map sheet) 
Ihromite deposits occur also within the serpentinized dunite bodies enclosed 
ry the Bajgan complex. Therefore we may conclude that the larger and 
nineable chromite deposits in SE Iran are in fact related to the ultrabasic 
ocks associated with Paleozoic metamorphic complexes. Further exploration 
ior chromite in these ultrabasic bodies is worth-while. 


| 
| 
| 


3. Geodynamic evolution and discussions 


Available data indicate that in late Precambrian and Paleozoic time Iran 
yas an extension of the Arabian continental platform, and thus a part of 
sondwanaland, possibly bordered by a Paleo-Tethys in the north, along the 
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present northern foot of the Alborz Range as was suggested by eee 
(1974, 1977). The northern termination of this continental platform is the; 
North Iran suture (Fig. 1, 3, 4). \ 

The South Caspian - Minor Caucasus- North Anatolian ophiolitic belt is, 
considered to be the major suture of the Paleozoic Tethys. South of Br 
suture extended the Paleozoic carbonate shelf of Gondwanaland, while, 
north of it the Paleozoic active margin of Eurasia was characterized by 
eugeosynclinal and orogenic facies, as well as intense Hercynian magmatism, | 
metamorphism and deformation. | 

The lithofacies of the area north of the North Iran suture shows all the. 
characteristics of a geosynclinal facies. The area has a late Baikalian and/or | 
early Caledonian basement. Approximately near the end of Ordovician or 
during the Silurian, this epi-Baikalian platform was broken again and the | 
Hercynian eugeosyncline was established. Uncertain is wether the Hercynian | 
realm of Central Asia was continuing westwards into the Rasht - Talesh area. | 
The Ural suture which divided the Siberian platform from the Russian 
platform may have continued toward the south somewhere in the Gorgan | 
area in W South Caspian. Tentatively the closing of the Paleo-Tethys may 
have been related to the Hercynian orogeny on the (?) Scytho-Turanian plate. 
and was completed by early Kimmerian (late Middle Triassic). However, it is 
possible that the closing of the Paleo-Tethys happened earlier in the west | 
than in the east. The age of the ophiolites in this belt is still not a 


serpentinized ultramafics on the northern slope of the Central Caucasus are 
pre-Silurian and perhaps even pre-Ordovician (KHaIN 1975). The ultrabasic 
rocks associated with the Shanderman metamorphic complex in the Talesh 
area are also very likely to be of pre-Silurian age (Davis et al. 1972, CLarK 
et al. 1975). But the ophiolites in the Binalud (Mashhad area) are supposed 
to be of Devonian to Carboniferous age (Mayipr 1978, 1981). Geochemical 
studies of the ophiolites of the Talesh and Mashhad areas are planned in; 
order to compare the two occurrences. In the Talesh area isotopic age dating 
confirms that metamorphism took place in Middle Devonian time! 
(Crawrorp 1977). | 

Geosynclinal facies-type successions comparable to the northern foot of 
the Alborz occur in parts of Central Iran. A rather large belt is in the Sirjan, 
area (Fig. 1, 3, 4). This belt may continue eastward to the Makran area. 
Another belt is in the Anarak area (NE of Nain). Smaller occurrences of! 
Saghand area (NE of Yazd) and probably the Torud area may have belonged 
to the Anarak belt and were later dislocated tectonically. 

The geodynamic interpretation of such Paleozoic metamorphic com-; 
plexes in geosynclinal facies within the Iranian platform is still open for 
discussion. However, they could either have been rift zones within the conti- 
nental platform as was suggested by Hacuirour & SaszeHı (1975) or they 
were a narrow branch of the Paleo-Tethys which existed in the north.. 
Another possibility is that these blocks were dislocated from their original 
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osition (north of the North Iran suture) by the rotation of the Central-East- 
an microplate. 


A rift in the Arabian-Iranian platform along the Main Zagros Thrust line 
n late Paleozoic or in early Triassic was followed by the formation of a Neo- 


ethys in the south, possibly interrelated to and simultanous with the closing 
f paleo-Tethys in the north. 
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